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NOVEL IMMUNOGENIC LIPOPEPTIDES COMPRISING T-HELPER_ 
A ND CYTOTOXICT LYMPHOCYTE (CJL ) EPITOPES 

Field of the Invention 

5 The present invention relates generally to the field of Immunology, and more 
particularly to reagents for generating cellular responses to a peptide immunogen, 
and methods for using said reagents for enhancing the immune response of a 
subject, or for the vaccination of a subject. Even more specifically, the present 
Invention relates to novel lipopeptides having enhanced Immunogenic activity, 

10 specifically an enhanced ability to activate a T cell response to a CD8+ T cell 
epitope to induce cell mediated immunity against an invading pathogen or tumour 
cell. The present invention also provides formulations and vaccine compositions 
comprising said lipopeptides, such as, for example. In combination with a 
pharmaceutically acceptable carrier or excipient, and methods for making and 

15 using the formulations and vaccine compositions of the invention. 

Background to the invention 
1. General 

This specification contains amino add sequence information prepared using 
Patentin Version 3.1, presented herein after the Abstract. Each sequence is 

20 identified in the sequence listing by the numeric Indicator <210> followed by the 
sequence identifier (e.g. <210>1 , <210>2, etc). The length of each sequence and 
source organism are indicated by information provided in the numeric indicator 
fields <211> and <213>, respectively. Sequences referred to in the specification 
are defined by the term "SEQ ID NO:", followed by the sequence identifier (eg. 

25 SEQ ID NO: 1 refers to the sequence designated as <400>1 ). 

As used herein the tenm "derived from" shall be taken to indicate that a specified 
integer may be obtained from a particular source albeit not necessarily directly 
from that source. 

30 

Throughout this specification, unless the context requires othenwise, the word 
"comprise", or variations such as "comprises" or "comprising", will be understood 
to imply the inclusion of a stated step or element or Integer or group of steps or 
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elements or Integers but not the exclusion of any other step or element or Integer 
or group of elements or Integers. 

Those skilled In the art will appreciate that the invention described herein is 
5 susceptible to variations and modifications other than those specifically described. 
It is to be understood that the invention Includes all such variations and 
modifications. The Invention also Includes all of the steps, features, compositions 
and compounds referred to or indicated in this specification, individually or 
collectively, and any and all combinations or any two or more of said steps or 
10 features. 

The present Invention is not to be limited in scope by the specific examples 
described herein. Functionally-equivalent products, compositions and methods 
are cleariy within the scope of the invention, as described herein. 

15 All the references cited in this application are specifically incorporated by 
reference herein. 

The present Invention Is performed without undue experimentation using, unless 
otherwise indicated, conventional techniques of molecular biology, microbiology, 
20 virology, recombinant DNA technology, peptide synthesis In solution, solid phase 
peptide synthesis, and immunology. Such procedures are described, for 
example, in the following texts that are Incorporated by reference: 

1. Sambrool<, Fritsch & Maniatis. Molecular Cloning: A Laboratory Manual, 
Cold Spring Harbor Laboratories, New York, Second Edition (1989), whole 

25 of Vols I. II. and III; 

2. DNA Cloning: A Practical Approach, Vols. I and 11 (D. N. Glover, ed., 1985), 
IRL Press, Oxford, whole of text; 

3. Oligonucleotide Synthesis: A Practical Approach (M. J. Gait, ed., 1984) IRL 
Press. Oxford, whole of text, and partlculariy the papers therein by Gait, 

30 pp1 -22; Atkinson ef al,, pp35-81 ; Sproat ef aL, pp 83-1 1 5; and Wu ef a/., pp 

135-151; 

4. Nucleic Acid Hybridization: A Practical Approach (B. D. Hames & S. J. 
Higgins. eds., 1 985) IRL Press, Oxford, whole of text; 
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5. Animal Cell Culture: Practical Approach, Third Edition (John R.W. ly/lasters, 
ed., 2000), ISBN 0199637970, whole of text; 

6. Immobilized Cells and Enzymes: A Practical Approach (1986) IRL Press, 
Oxford, whole of text; 

5 7. Perbal, B., A Practical Guide to Molecular Cloning (1984); 

8, Methods In Enzymology (S. Colowick and N. Kaplan, eds., Academic 
Press. Inc.). whole of series; 

9. J.F. Ramalho Ortigao, 'The Chemistry of Peptide Synthesis" In: Knowledge 
database of Access to Virtual Laboratory website (Interactlva, Genmany); 

10 10. Sakakibara, D., Teichman, J., Lien, E. Land Fenichel. R.L. (1976). 
Biochem. Biophys. Res. Commun. 73 336-342 

1 1 . Memfield, R.B. (1 963). J. Am. Chem. Soc. 85. 21 49-21 54. 

12. Barany. G. and Merrifield, R.B, (1979) in The PepVdes (Gross, E. and 
Meienhofer, J. eds.), vol. 2, pp. 1-284, Academic Press, New York. 

15 1 3. Wiinsch, E.. ed. (1974) Synthese von Peptiden in Houben-Weyls Methoden 
der Organischen Chemie (Muler. E.. ed.), vol. 15, 4th edn.. Parts 1 and 2, 
Thieme, Stuttgart. 

14. Bodanszky, M. (1984). Principles of Peptide SynUiesis, Springer-Veriag, 
Heidelberg. 

20 15. Bodanszky, M. & Bodanszky, A. (1984) TTje Practice of Peptide Synttiesis. 
Springer-Verlag, Heidelberg. 

1 6. Bodanszky, M. (1 985) Int. J. Peptide Protein Res. 25, 449-474. 

17. Handbook of Experimental Immunology, Vols. I-IV (D. M. Weir and C. C. 
Blackwell, eds., 1986, Blackwell Scientific Publications). 

25 

Description of the related art 

Immunotherapy or vaccination are attractive for the prophylaxis or therapy of a 
wide range of disorders, such as, for example, certain infectious diseases, or 
cancers. However, the application and success of such treatments are limited in 
30 part by the poor immunogenicity of the target CTL epitope. Synthetic peptides, 
representing T cell Immunogens elicit only weak immunity when delivered In 
Isolation and as a consequence, are hot effective in vaccine compositions. Full- 
length proteins containing CTL epitopes do not efficiently enter the MHC class I 
processing pathway. Additionally, CTL epitopes are HLA-restricted and the large 
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degree of HLA polymorphism in human populations means that CTL-based 
vaccines may not provide broad coverage to all genotypes within a population. 

Several techniques are used to enhance the immune response of a subject to a 
5 peptide immunogen. 

It is knoNAm that utilization of an adjuvant formulation that is extrinsic to the peptide 
immunogen (i.e. It is mixed with the immunogen prior to use), such as, for 
example, complete Freund's adjuvant (CFA), will enhance the immune response 
10 of a subject to a peptide immunogen. However, many of the adjuvants currently 
available are too toxic for use in humans, or simply ineffective. Moreover, 
adjuvants of this type require prior formulation with the peptide immunogen 
immediately before administration, such formulations often having a low solubility 
or being insoluble. 

15 

Lipopeptides, wherein a lipid moiety that is Icnown to act as an adjuvant is 
covalently coupled to a peptide Immunogen, may be capable of enhancing the 
immunogenicity of an otherwise weakly immunogenic peptide in the absence of 
an extrinsic adjuvant [Jung et aL, Angew Chem, Int Ed Engl 10, 872, (1985); 

20 Marlinon ef a/., J Immunol 149, 3416, (1992); Toyokuni et ah, J Am Chem Soc 
116, 395, (1994); Deprez, ef a/., J Med Chem 38, 459, (1995); and Sauzet e/a/., 
Vaccine 13, 1339, (1995); BenMohamed etaL, Eur. J. Immunol. 27, 1242, (1997); 
Wiesmuller et aL, Vaccine 7, 29, (1989); Nardin et al.. Vaccine 16, 590. (1998); 
Benmohamed, etaL Vaccine 18, 2843, (2000); and Obert, etaL, Vaccine 16, 161, 

25 (1998)]. Suitable lipopeptides show none of the harmful side effects associated 
with adjuvant formulations, and both antibody and cellular responses have been 
observed against lipopeptides. 

« 

Several different fatty acids are known for use in lipid moieties. Exemplary fatty 
30 acids include, but are not limited to, palmitoyi, myristoyi, stearoyi and decanoyi 
groups or, more generally, any Cz to C30 saturated, monounsaturated, or 
polyunsaturated fatty acyl group is thought to be useful. 



wo 2004/014957 PCT/AU2003/001019 

-5- 

The lipoamino acid N-palmitoyl-S-[2,3-6/s(palmitoyloxy)propyI]cysteine, also 
known as PamaCys or PamaCys-OH (Wiesmuller et al.. Z. PhysiqI.Chem. 364 
(1983), p593), is a synthetic version of the N-tenninal nioiety of Braun's 
lipoprotein that spans the inner and outer membranes of Gram negative bacteria. 
PamaCys has the structure of Formula (I): 

H3C (CH2)i4 CO NH CH COOH 

CH2 

I 

s 

I 

CH2 

H3C--(CH2)i4 CO O CH 

H3C— (CH2)i4 CO-^ — O CH2 

United States Patent No. 5, 700, 910 to Metzger ef al (December 23. 1997) 
describes several N-acyl-S-(2-hydroxyalkyl)cysteines for use as intermediates in 
the preparation of lipopeptides that are used as synthetic adjuvants, B lymphocyte 
stimulants, macrophage stimulants, or synthetic vaccines. Metzger et al. also 
teach the use of such compounds as intemiediates in the synthesis of PamsCys- 
OH (Wiesmuller et al., Z. Physiol. Chem. 364 (1983), p593), and of lipopeptides 
that comprise this lipoamino acid or an analog thereof at the N-terminus. The 
lipopeptides are prepared by coupling a lipoamino acid moiety to the peptide 
moiety during the synthesis process. 

PamaCys when coupled to a CTL epitope peptide has been shown to be capable 
of stimulating virus-specific cytotoxic T lymphocyte (CTL) responses against 
influenza virus-infected cells (Deres et al., Nature 342, 561. 1989) and to elicit 
protective antibodies against foot-and-mouth disease (Wiesmuller et al.. Vaccine 
7, 29. 1989; United States Patent No. 6,024.964 to Jung etai, February 15, 2000) 
when coupled to the N-terminus of an appropriate synthetic B cell epitope. 
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Recently, Pam2Cys (also known as dIpalmltoyl-S-glyceryl-cysteine or S-[2,3- 
b/s(palmitoyloxy)propyl]cysteine), an analogue of PamaCys, has been synthesised 
(Metzger, J. W.. A. G. Beck-Sickinger. M. Loleit, M. Eckert. W. G. Bessler, and G. 
Jung. 1995. J Pept Sci 1:164.) and been shown to con-espond to the lipid moiety 

5 of MALP-2. a macrophage-activating lipopeptide isolated from mycoplasma 
(Sacht, G., A. Marten, U. Deiters, R. Sussmuth, G. Jung, E. Wingender, and P. F. 
Muhlradt. 1998. Eur J .^munol 28:4207: Muhlradt, P. F., M. Kiess. H. Meyer, R. 
Sussmuth, and G. Jung. 1998. Infect Immun 66:4804: Muhlradt, P. F., M. Kiess, 
H. Meyer, R. Sussmuth, and G. Jung. 1997. J Exp Med 185:^951). PamzCys has 

10 the stmcture of Formula (II): 

H NH CH COOH 

I 

CH2 

I 

15 S 

I 

CH2 

I 

H3C— (CH2)i4 CO O CH 

H3C— (CH2)i4-^ CO O CH2 

20 

Pam2Cys Is reported to be a mors potent stimulator of splenocytes and 
macrophages than PamaCys (Metzger etal., J Pept Scf 1, 184, 1995; Muhlradt et 
al., J Exp Med 185, 1951, 1997; and Muhlradt et al.. Infect Immun 66, 4804, 
1998). 

25 

Generation of a strong 'CD8+ T cell response against a given CTL epitope 
requires the generation of a strong T helper cell response. CD4* T-helper cells 
function in cell-mediated immunity (CMI) by secreting sufficient cytokines, such 
as, for example IL-2, to thereby facilitate the expansion of CD8* T cells or by 
30 interacting with the antigen presenting cell (APC) thereby rendering it more 
competent to activate CD8* T cells. Accordingly, it is desirable to administer a 
CTL epitope In conjunction with at least one T-helper cell epitope (Vitiello et al., J. 
Clin. Invest. 95, 341-349, 1995; Livingston et al., J. Immunol. 159, 1383-1392, 
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1997). These epitopes are recognized by T-helper cells In the context of MHC 
class II molecules on the surface of the APC. 

The CTL epitope or isolated epitope can be administered in conjunction with a 

5 large protein having a range of T helper epitopes in order to accommodate the 
diversity of class II alleles within a population of individuals. Attematively. 
promiscuous or pennissive T-helper epitope-containing peptides are administered 
in conjunction with the CTL epitope or epitopes. Promiscuous or pennissive T- 
helper epitope-containing peptides are presented in the context of a vast majority 

10 of MHC class II hapiotypes, such that they induce strong CD4* T helper 
responses in the majority of an outbred human population. Examples of 
promiscuous or pemiissive T-helper epitopes are tetanus toxoid peptide, 
Plasmodium falciparum pfg27, lactate dehydrogenase, and HIVgp120 (Contreas 
et al., Infect Immun, 66, 3579-3590, 1998; Gaudebout et ai, J. A.I.D.S. Human 

15 Retrovlrol 14, 91-101, 1997; Kaumaya et al., J. Mol. Recog. 6, 81-94. 1993; and 
Fem and Good J. Immunol. 148, 907-913, 1992). Ghosh etal., Immunol 104, 58- 
66, 2001 and International Patent Application No. PCT/AUOO/00070 (WO 
00/46390) also describe promiscuous T-helper epitopes from the fusion protein of 
Canine Distemper Vims (CDV-F). Certain promiscuous T-helper epitopes 

20 promote strong CTL responses to a given CTL epitope, and can bypass certain 
hapiotype restricted immune responses (Kaumaya efal., J. Mol. Recog. 6, 81-94, 
1993). 

Routinely, a vaccine preparation will comprise a mixture of polypeptides 
25 comprising the T-helper cell epitope and CTL epitope, however it is also known to 
consist of a single polypeptide comprising both the T-helper epitope and the CTL 
epitope. 

30 Summary of the invention 

In wortc leading up to the present Invention, the Inventors sought to improve 
methods for producing highly immunogenic lipopeptides having a lipid moiety and 
a polypeptide moiety comprising both a T helper epitope and a CTL epitope 
against which an immune response Is desired. The Inventors showed that a 
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highly immunogenic lipopeptide comprising both T-helper and CTL epitopes can 
be produced by syntliesizing a single polypeptide molecule comprising said 
epitopes with an Internal lysine residue or internal lysine analog residue and then 
coupling the lipid moiety to the side-chain amino group of said internal lysine 
5 residue or said intemal lysine analog residue, as opposed to the N-terminai 
attachments described previously. This enables the lipopeptide of the present 
invention to be synthesized conveniently using a single amino acid chain, thereby 
requiring no post-synthesis modification to incorporate both epitopes. 

10 By positioning said one or more lysine residue(s) or one or more intemal lysine 
analog residue(s) at predetennined locations within the polypeptide during peptide 
synthesis, the attachment site of the lipid is readily specified. Positioning of the 
lipid moiety in the lipopeptide can thus be targeted to enhance the utility of the 
end-product for vaccine or adjuvant fomiulations. 

15 

The inventors have found that attachment of the lipid nrroiety via the side-chain 
epsllon-amino group of an intemal lysine residue or the temninal side-chain group 
of an intemal lysine analog residue positioned between the amino acid sequences 
of the T helper epitope and the CTL epitope, provides an enhancement of 
20 dendritic cell maturation when compared to linear stmctures obtained in which 
lipid Is attached to the N-temnlnus of the peptide. 

One advantage provided by the lipopetides of the present invention is that they 
are sufficiently immunogenic such that it Is generally not necessary to include an 
25 extrinsic adjuvant in vaccine fomiuiations comprising these iipopeptides. 

The present Invention cleariy encompasses the attachment of a lipid moiety via 
the epsilon-amino group of an interrial lysine residue or the terminal side-chain 
group of an intemal lysine analog residue present in the amino acid sequence of 
30 the T helper epitope or the amino acid sequence of the CTL epitope, the only 
requirement being that the lipid moiety is not attached to the N-temiinus or the C- 
termlnus of the peptide. By "Intemal" means at a location other than the N- 
terminus or the C-temilnus of a polypeptide comprising a T helper epitope and 
CTL epitope. As will be known to the skilled person, solubility of a vaccine 
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containing CTL epitopes is highly desirable for producing vaccine formulations on 
a commercial basis. 

Preferably, the lipid moiety is attached via the epsilon-amino group of a lysine 
5 residue or via the terminal side-chain group of a lysine analog residue positioned 
between the amino acid sequences of the T helper epitope and the CTL epitope. 

Optionally, one or more amino acid spacers is added between the T-helper 
epitope and the CTL epitope, such as, for example, at either side of an Internal . 
10 lysine or lysine analog positioned between said epitopes. 



A spacer of any conventional type can also be added between the lipid moiety 
and the polypeptide moiety. Particularly preferred spacers in this context consist 
of serine dimers, trimers, teramers, etc. Altemative spacers, such as, for 
15 example, arginine dimers, trimers, tetramers, or 6-aminohexanoic acid, are also 
contemplated for use in this context. 



As exemplified herein, the present inventors produced the lipopeptide of the 
invention by coupling the lipid moiety to an exposed epsilon-amino group of an 
20 internal lysine residue in the synthetic peptide moiety. Optionally, a spacer may 
be added to the exposed epsilon amino group before addition of the lipid moiety. 

As will be apparent from the disclosure herein, a lipoamino acid of Formula (III) or 
(IV) may be added directly to the epsilon amino group of the internal lysine 

25 residue or to the terminal side-chain group of an internal lysine analog residue. 
Lipoamino acids selected from the group consisting of: (i) PamaCys (also known 
as dipalmitoyl-S-glyceryl-cystelne or S-[2,3-ib/s(palmitoyloxy)propyl]cysteine), (ii) 
Ste2Cys (also known as distearoyl-S-glyceryl-cysteine or S-[2,3- 
6/s(stearoyl.oxy)propyl]cysteine), LauaCys (also known as dilaurpyl-S-glyceryl- 

30 cysteine or S-[2,3-b/s(lauroyloxy)propyl]cystelne), and OctaCys (also known as 
dloctanoyl-S-glyceryl-cystelne or S-[2,3-6/s(octanoyloxy)propyl]cysteine) are also 
useful. 
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As exemplified herein, llpopeptides of the Invention directed against influenza 
virus induced a virus-specific CTL response in the absence of external adjuvant, 
as reflected by their ability to induce potent CTL-medlated virus clearing 
responses, to Induce CD8+ T cell migration to the lungs and to upregulate the 
5 surface expression of MHC class il molecules on immature dendritic ceils (DC). 
The enhanced maturation of dendritic cells following administration of the subject 
llpopeptides is consistent with enhanced T-helper epitope presentation compared 
to llpopeptides having N-terminally coupled lipid. 

10 As will be clear to those skilled in the art, the nature of the T-helper and CTL 
epitopes is not critical In the context of the present invention. The novel approach 
of attaching the lipid moiety to the epsilon amino group of one or more Intemal 
lysine residues or lysine analogue residues within the polypeptide portion of the 
construct has broad application. Accordingly, based on the results presented 

15 herein, it will be understood that a wide range of T-helper and CTL epitopes can 
be used in the lipopeptide constructs. 

Brief description of the drawings 

Figure 1 Is a schematic representation showing the generalized structure of the 
20 peptide and lipopeptide constructs used in this study. Peptide structures 
consisted of a CD4* helper T cell epitope |Th] and a CTL cell epitope [CTL] 
assembled as tandem linear.sequences with a linking Intemal lysine residue (I.e. 
[Th]-Lys-[CTL]) or without any internal lysine (i.e. |Th]-[CTLl). Llpopeptides were 
branched stnjctures wherein a lipid moiety was attached through the epsllon- 

25 amino group of a lysine residue. Lys, situated between the two epitopes at the 
approximate centre of the molecule (i.e. |Th]-Lys(Pam3Cys-Ser-Ser)-[CTL]; [Th]- 
Lys(Pam2Cys-Ser-Ser)-[CTL]; or [Th]-Lys(PamiCys-Ser-Ser)-[CTL]. In the case 
of branched constructs, the centrally located lysine residue to which the lipid Is 
attached Is denoted In italics, Lys. In some cases two serine residues (Ser-Ser) 

30 were added between the peptide and lipid moiety. For the lipopeptide 
Pal2LysLys|Thl-[CTL], two palmitic acid residues were attached to the alpha and 
epsiion-amino groups of the N-termlnal lysine residue and [Th] was attached to 
the epsilon-amino group of the penultimate lysine In the amino acid sequence. In 
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the case of |Th]-Lys(Chol2Lys-Ser-Ser)-[CTL]. two residues of cholesterol were 
attached to an N-termlnal lysine residue. 

Figure 2 is a representation of the primary amino acid sequences of the peptide 
moieties attached to the lipid moieties for the structures shown in Figure 1. Non- 
5 lipidated peptides comprising these amino acid sequences were designated as 
follows: 

(i) [Th] consisting of a CD4* T-helper epitope from the light chain of Influenza 
virus hemagglutinin as set forth in SEQ ID NO: 1 ; 

(ii) [CTL] consisting of an Immunodominant H-2*'-restricted CTL epitope 
10 consisting of amino acid residues 147-1 55 of the nucleoprotein of influenza 

virus strain A/Puerto Rico/8/34 (PR8:H1 N1 ) as set forth in SEQ ID NO: 2; 

(Hi) [ThHCTL] consisting of a polypeptide having (i) and (ii). The sequence of 
the assembled peptide is shown In SEQ ID NO: 3; 

(iv) ITh]-Lys-[CTL] consisting of a polypeptide having (i) and (ii) separated by a 
15 lysine residue (bold underlined residue). The sequence of the assembled 

peptide Is shov^ In SEQ ID NO: 4; 

(v) [P25]-Lys-[SIINFEKL] consisting of a T-helper epitope from CDV-F protein 
designated P25 (SEQ ID NO: 20) and a CTL epitope from ovalbumin (SEQ 
ID NO: 173) separated by a lysine residue (bold underlined residue). The 

20 sequence of the assembled peptide Is shown In SEQ ID NO: 1 74; 

(vl) [P25]-Lys-[LL091-99] consisting of a T-helper epitope from CDV-F protein 
designated P25 (SEQ ID NO: 20) and a CTL epitope from Listeria 
monocytogenes (SEQ ID NO: 172) separated by a lysine residue (bold 
underlined residue). The sequence^ of the assembled peptide Is shown in 
25 SEQ ID NO: 175. and 

(vii) [P25]-Lys-[HCV] consisting of a T-helper epitope from CDV-F protein 
designated P25 (SEQ ID NO: 20) and a CTL epitope from the core protein 
of hepatitic C virus (SEQ ID NO: 176) separated by a lysine residue (bold 
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underlined residue). The sequence of the assembled peptide Is shown in 
SEQIDNO:177. 

Lipopeptides comprising these amino acid sequences were designated as follows: 

(1) lTh]-Lys(Pam3Cys-Ser-Ser)-[CTL] consisting of peptide lTh]-Lys-[CTL] (I.e. 
5 SEQ ID NO: 4} and a lipid of the Formula (ill) conjugated to the epsllon- 

amlno group of the intemal lysine (bold underlined residue); 

(il) |Th]-Lys(Pam2Cys-Ser-Ser)-[CTL] consisting of peptide [Thl-^ys-[CTL] (i.e. 
SEQ ID NO: 4) and a lipid of the Formula (IV) conjugated to the epsilon- 
amino group of the intemal lysine (bold underlined residue); 

10 (iii) [P25Kys(Pam2Cys-Ser-Ser)-[LL091-99] consisting of peptide [P25]-Lys- 
[LL091-99] and a lipid of the Formula (IV) conjugated to the epsilon-amino 
group of the intemal lysine (bold underiined residue) of said peptide; 

(iv) [P25]-Lys(Pam2Cys-Ser-Ser)-[SIINFEKLl consisting of peptide [P25]-Lys- 
[SIINFEKL] and a lipid of the Formula (IV) conjugated to the epsilon-amino 
15 group of the intemal lysine (bold underlined residue) of said peptide;and 

(V) [P25Hys(Pam2Cys-Ser-Ser)-[HCV] consisting of peptide [P25Kys-[HCV] 
and a lipid of the Formula (IV) conjugated to the epsilon-amino group of the 
intemal lysine (bold underiined residue) of said peptide. 



20 Figure 3 is a graphical representation showing the reduced viral load of mice 
primed with lipopeptides referred to in the legend to Figure 1 and subsequently 
challenged with influenza vims. Mice were inoculated Intranasally with 9 nmol of 
the lipopeptides |Th]-Lys(Pam3Cys-Ser-Ser)-[CTL] and lTh]-Lys(Pam2Cys-Ser- 
Ser)-[CTL] in 50 pi PBS (columns 2 and 3, respectively), or for the tTh]-Lys-[CtL] 

25 peptide In 50 pi PBS (column 1), or with PBS alone (column 4). Peptide and 
lipopeptide designations are as for the legend to Figure 2. On day 9 post 
immunization, mice were anesthetized using penthrane and challenged 
intranasally with 30,000 plaque fomning units of influenza virus subtype H3N1 
known as A/Memphls/1/71 (Mem 71). Five days later, their lungs were removed 
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and assayed for the presence of infecUous virus by plaque assay on MDCK cells. 
Each bar represents the geometric mean titre of viral titres from a group of 5 
BALB/c mice and enor bars represent the standard deviation of the mean. 
Numbers above the bars represent the percentage reduction In lung viral titre 
5 relative to the PBS control. 

Figure 4a Is a graphical representation showing enhanced llpopeptide-lnduced 
viral clearance in immunized mice receiving the lipopeptides referred to In the 
legend to Figure 2. Mice were inoculated with 9 nmoles of the lipopeptides Uh]- 

10 Lys(Pam3Cys-Ser-Ser)-[CTL] and ITh]-Lys(Pam2Cys-Ser-Ser)-[CTL] in 50 \j\ PBS 
(columns 2 and 3, respectively), or for the [ThHys-[CTL] peptide in 50 pi PBS 
(column 1), or with PBS alone (column 4). On day 28 post immunization, mice 
were challenged with 30,000 plaque fomning units of Mem 71 virus. Peptide and 
lipopeptlde designations are as for the legend to Figure 2. Data are expressed as 

15 the percentage reduction in lung viral titre on day 5 post challenge. Data show 
enhanced reduction In infectious virus In the lungs of mice immunized with the 
lipopeptides [Thl-Lys(Pam3Cys-Ser-SerHCTL] (column 2) or [Th]-Lys(Pam2Cys- 
Ser-Ser)-[CTL] (column 3) compared to peptide alone (column 1) or PBS alone 
(column 4) at 5 days post-challenge. 

20 

Figure 4b is a graphical representation showing enhanced T cell activation in 
immunized mice receiving the lipopeptides refenred to in the legend to Figure 2. 
Mice were inoculated with 9 nmoles of the lipopeptides [Th]-Lys(Pam3Cys-Ser- 
Ser)-[CTL] and |ThKys(Pam2Cys-Ser-Ser)-[CTL] in 50 pi PBS (columns 2 and 3. 

25 respectively), or for the [Th]-/.ys-[CTL] peptide in 50 pi PBS (column 1), or with 
PBS alone (column 4) Immunized mice were killed 9 days post-immunization and 
a bronchio-alvlolar lavage (BAL) perfomned. Adherent cells were removed by 
Incubation of the BAL sample in a petri dish at 37«C for l^hour. The non-adherent 
cells were recovered and stained for CDS and CD4 expression. The cells were 

30 analyzed by flow cytometry. The lymphocyte population was Identified based on 
the fonwarcl and side scatter profile and 10.000 lymphocytes were analysed. Data 
are expressed as the percentage of non-adherent cells In the BAL fiuid that are 
CD8+ lymphocytes. Data show enhanced activation of virus-specific CD8+ T cells 
in the BAL samples fixjm mice immunized with the lipopeptides (Th]- 



wo 2004/014957 PCT/AU2003/001019 

-14- 

Lys(Pam3Cys-Ser-Ser)-[CTL] (column 2) or ITh]-Lys(Pam2Cys-Ser-Ser)-[CTL] 
(column 3) compared to peptide alone (column 1) or PBS alone (column 4) at 5 
. days post-challenge. Peptide and iipopeptide designatipns are as for the legend to 
Figure 2. 

Figure 4c is a graphical representation showing enhanced maturation of dendritic 
cells in response to the lipopeptides referred to in the legend to Figure 2. A line of 
BALB/c splenic-derived dendritic cells (D1 cells) were incubated overnight with 
0.45 nmoles/mL of the peptide |Th]-Lys-[CTL] (column 1) or the lipopeptides 
lipopeptides [Th]-Z-y5(Pam3Cys-Ser-Ser)-ICTL] (column 2) or [Th]-Lys(Pam2Cys- 
Ser-Ser)-[CTL] (column 3) or with medium alone as a negative control (column 4) 
or llpopolysaccharide as a positive control (LPS; column 5). The percentage of D1 
cells expressing high levels of surface MHC class 11 molecules, and therefore in a 
mature state, were determined by flow cytometry. Peptide and Iipopeptide 
designations are as for the legend to Figure 2. Data show enhanced expression 
of MHC class II molecules on the surface of dendritic cells (ie. enhanced dendritic 
cell maturation) following exposure to the peptides |Th]-Lys(Pam3Cys-Ser-Ser)- 
[CTL] or ITh3-Lys(Pam2Cys-Ser-Ser)-[CTL] compared to peptide alone or medium 
alone. 

20 

FigCire 5 is a graphical representation showing the induction of pulmonary viral 
clearing responses in mice inoculated with synthetic immunogens indicated on the 
X-axis, that each include the CD4* T-helper epitope set forth in SEQ ID NO: 1 and 
the H-2^-restricted CTL epitope set forth in SEQ ID NO: 2. Groups of 5 mice were 

25 immunised intranasally with 9 nmoles of the specified lipopeptides in PBS. Mice 
were challenged 28 days after priming with lO"*'^ PFU of Mem71 influenza virus 
intranasally. Titres of infectious virus in lung homogenates sampled 5 days 
following challenge were determined by plaque formation oh MDCK cell 
monolayers. Each circle respresents the virus titre of an individual mouse and the 

30 line represents the geometric mean titre of the group. The percentage reduction in 
mean viral titre relative to the PBS control group is shown above each column of 
data. 
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Figure 6 is a graplilcal representation shovwng accelerated influx of CTL 
dermlnant-specific CD8*-T ceils into the lungs of lipopeptlde-vaccinated mice 
during virus challenge. Lipopeptldes comprised the CD4* T-heiper epitope set 
forth in SEQ ID NO: 1 and the H-2'^-restricted CTL epitope set forth in SEQ ID NO: 

5 2. Groups of three mice were inoculated intranasally with 9 nmole of the indicated 
lipopeptldes intranasally. On day 28 post priming, they were challenged 
intranasally with 10"*-^ PFU of Mem71 influenza virus intranasally. CTL 
determinant-specific IFN-gamma-secretlng cells were enumerated in the lungs of 
mice on day 5 post-challenge by an intracellular cytokine production assay. 

10 10,000 CD8+ cells were analysed for each sample. Data represent the mean and 
standard deviation for each group of mice 

Figure 7 is a graphical representation showing show accelerated influx of CTL- 
detemiinant-specific CDS T ceils into the lungs In mice Inoculated with 
lipopeptldes following viral challenge. Lipopeptldes comprised the CD4* T-helper 

15 epitope set forth In SEQ ID NO: 1 and the H-2*-restricted CTL epitope set forth in 
SEQ ID NO: 2. Mice were inoculated intranasally with 9 nmole of the specified 
lipopeptldes in PBS. Nine days after Inoculation mice were challenged intranasally 
with 10*-® PFU of Mem71 influenza virus. On day 5 post infection, CTL- 
detenninant-specific CD8 T cells in the lungs were enumerated by staining the 

20 lymphocytes from the lungs with anti-CD8 antibody and with teitrameric IVIHC class 
I complexes loaded with the CTL epitope. A total of 30.000 CD8 T cells were 
analysed. 

Figure 8 is a graphical representation showing cytotoxic T cell activity in naive 
mice. CTL detemninant specific cytotoxicity in vivo was measured using 

25 syngeneic spleen cells pulsed with the CTL detemninant and labelled with high 
intensity CFSE. Non-pulsed .spleen cells labelled with low intensity CFSE were 
used as a control. A mixture of 15 .x 10® cells of each target cell population was 
injected intravenously on day 4 post-infection into naYve mice. The mice were 
killed 16 hr later and spleens were analysed for the presence of CFSE-high and 

30 CFSE-low cell populations by flow cytometry. A total of 1 x 1 0® lymphocytes were 
analysed for each sample. 
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Figure 9 Is a graphical representation showing cytotoxic T cell activity in 
lipopeptide-primed mice. A mouse was inoculated intranasally with 9 nmoies [Th]- 
Lys(Pam2Cys-Ser-Ser)-[CTL] comprising the CD4* T-helper epitope set forth In 
SEQ ID NO: 1 and the H-2*-restricted CTL epitope set forth in SEQ ID NO: 2. in 

5 PBS. IVIice were challenged with Mem71 on day 28. CTL determinant specific 
cytotoxicity in vivo was measured using syngeneic spleen cells pulsed with the 
CTL determinant and labelled with high intensity CFSE. Non-pulsed spleen cells 
labelled with low Intensity CFSE were used as a control. A mixture of 15 x 10 
cells of each target cell population was Injected intravenously on day 4 post- 

10 infection Into the lipopeptide-primed and challenged mice. The mice were killed 16 
hr later and spleens were analysed for the presence of CFSE-hIgh and CFSE-low 
cell populations by flow cytometry.. A total of 1 x 10® lymphocytes were analysed 
for each sample. 

FlgufB 10 Is a graphical representation showing the ability of various peptide- 
15 based Immunogens to Induce eprtope-specific CTL. Lipopeptides comprised the 
CD4* T-helper epitope set forth In SEQ ID NO: 1 and the H-2^-restricted CTL 
epitope set forth in SEQ ID NO: 2. Groups of three mice were Inoculated 
intranasally with various lipopeptides In PBS and challenged with Mem71 on day 
28. In order to analyze CTL detenmlnant specific cytotoxicity in vivo, syngeneic 
20 spleen cells were pulsed with the CTL determinant and labelled with high intensity 
CFSE. Antigen-specific lysis was controlled by co-injecting syngeneic spleen cells 
labelled with low intensity CFSE. A mixture of 15 x 10® cells of each target cell 
population was injected intraveniously on day 4 post-infection. The mice were 
killed 16 hr later and spleens were analysed for the presence of CFSE-high and 
25 CFSE-lpw cell populations by flow cytometry. A total of 1 x 1 0® lymphocytes were 
analysed for each sample. Individual mice are represented by the closed squares 
and the bars represent the gebm&tric mean titre. 

Figure 11 Is a graphical representation showing Induction of interferon-gamma 
30 producing cells by lipopeptlde. Peptide comprising a T-helper epitope and a CTL 
epitope of Usteria monocytogenes linked via the epsllon amino group of an 
internal lysine residue positioned between said epitopes to PamzCys (I.e. the 
peptide [P25]-Lys(Pam2Cys-Ser-Ser)-[LL091-99] listed in Figure 2 and based 
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upon SEQ ID NO: 175). or lipopeptide(s) based on this structure in which 
Pam2Cys was linked through the epsilon amino group of said lysine, were used to 
Inoculate mice. Five BALB/c nnice were inoculated intravenously with bacteria, or 
subcutaneously with either 9 nmoles of lipidated peptide [P25Kys(Pam2Cys-Ser- 

5 Ser)-[LL091-991 or 9 nmoles of non-lipidated peptide [P25]-Lys-[LL091-99] (SEQ 
ID NO: 175; Figure 2) or phosphate buffered saline (PBS), as indicated on the x- 
axis. Splenocytes were obtained from the Immunized animals and stimulated in 
vitro with either the isolated CTL epitope having the sequence set forth In SEQ ID 
NO: 172 (open bars) or no antigen (filled bars), and the number of (IFN-gamma) 

10 producing cells present was measured 28 days later. The ordinate indicates the 
number of IFN-gamma producing cells per 1,000,000 splenocytes. Data sho\w 
enhanced numbers of IFN-gamma producing cells for mice immunized with 
. Ilpopeptide, indicating an enhanced ability of the lipopeptides to activate T cells 
relative to non-lipidated peptide. 

15 

Figure 12 Is a graphical representation showing enhanced protection against L 
monocytogenes infection for mice immunized with the Ilpopeptide designated 
[P25]-Lys(Pam2Cys-Ser-Ser)-[LL091-991 In Figure 2 (based upon SEQ ID NO: 
175). Five 5 BALB/c mice were Inoculated Intravenously with 1,000 bacteria 
20 (column 1), or Immunized subcutaneously with PBS (column 2) or 9 nmol [P251- 
Lys(Pam2Cys-SerrSer)-[LL091 -99] peptide (column 3) or 9 nmol non-lipidated 
[P253-Lys-[LL091-99] peptide (SEQ ID NO: 175; column 4), as indicated on the x- 
axis. IVIice were challenged with whole bacteria and the number of colony fbmiing 
units present in liver was measured 28 days post-challenge (ordinate). 

25 

Figure 13 is a graphical representation showing protection against B16 melanoma 
With Ilpopeptide vaccination. C57BLy6 mice were vaccinated with 20 nmoles 
lipidated peptide [P25]-Lys(Pam2Cys-Ser-Ser)-[SllNFEKL] (open circles), non- 
llpldated peptide [P25]-Lys-[SIINFEKL] (open triangles) or with PBS (open 
30 squares) subcutaneously In the base of the tall. Mice were then challenged s;c. 
on the back 14 days later with 2x1 0^ B16-OVA cells (n=6 per group) and tumour 
growth monitored as described (Anraku. eta!.. J Virol. 76; 3791-3799, 2002). 
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Figure 14 Is a graphical representation sliowing therapeutic treatment of Lewis 
Lung tumour with a lipopeptide immunogen, as determinbed by the percentage of 
animals that remain tumor free following immunization. Mice were injected with 
3x1 0"* Lewis Lung tumour cells that had been transfected with ovalbumin and 

5 therefore expressed the CTL epitope SIINFEKL [Nelson et al., J Immunol. 166: 
5557-5566, 2001]. Four days after receiving tumour cells, animals were inoculated 
with 20 nmoles lipidated peptide [P25Hys(Pam2Cys-Ser-SerHSIINFEKL] (open 
circles), non-lipidated peptide P25]-Lys-[SIINFEKL] (open triangles) or with PBS 
(open squares) subcutaneously In tiie base of the tail. A second and similar dose 

10 of immunogen was administered eleven days after receiving the tumour cells. 
Animals were monitored for tumour incidence; animals were euthanased when 
tumour area exceeded 1 00 mm^. 

Figure 15 is a graphical representation showing therapeutic treatment of Lewis 
Lung tumour with a lipopeptide Immunogen, as determined by measuring survival 

15 of animals following Imrtiunization. Mice were Injected vynth 3x10^ Lewis Lung 
tumour cells that had been transfected with ovalbumin and therefore expressed 
the CTL epitope SIINFEKL [Nelson etal., J Immunol. 166: 5557-5566, 2001]. Four 
days after receiving tumour cells, animals were inoculated with 20nmoles lipidated 
peptide [P25]-Ly5(Pam2Cys-Ser-Ser)-[SHNFEKL] (open circles), non-lipidated 

20 peptide [P25]-Lys-[SIINFEKL] (open triangles) or with PBS (open squares) 
subcutaneously In the base of the tail. A second and similar dose of immunogen 
was administered eleven days after receiving the tumour cells. Animals were 
monitored for survival; animals were euthanased when tumour area exceeded 
100 mm^. 

25 Figure 16 is a graphical representation showing the ability of peptide and 
lipopeptide-ljased immunogens to up-regulate the expression of MHC class II, 
CD83 and CD86 on human dendritic cells. Human monocyte-derived 'dendritic 
cells were incubated with media alone, LPS (Spg/mL), non-lipidated peptide 
[P25]-Lys-[HCV] (Sjjg/mL) or lipopeptide [P25]-Lys(Pam2Cys-Ser-SerHHCV] 

30 (Spg/mL) for 48 hours before staining with FITC-conjugated antibodies for HLA- 
DR, CD83 and CD86 before analysis by flow cytometry. Histograms are 
representative of live large granular cells gated on the forward and side scatter 
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dot plot. Regions of histograms sliaded in grey and the given values con-espond 
to the percentage of cells that express high levels of antigen within the analysed 
populations. The T helper cell epitope was Identified from Mobillivirus and has the 
amino acid sequence KLIPNASLIENCTKAEL (SEQ ID NO: 20); the CTL epitope 
5 with the amino acid sequence DLMGYIPLV (SEQ ID NO: 176) is an HLA A2- 
restricted CTL epitope from the core protein of hepatitis C virus. 



Detailed description of the prefenred embodiments 

10 Lipopeptides 

One aspect of the invention provides an isolated lipopeptide comprising a 
polypeptide conjugated to one or more lipid moieties v\rtierein: 

(I) said polypeptide comprises an amino acid sequence that comprises: 

(a) the amino acid sequence of a T helper cell (Th) epitope and the 
15 amino acid sequence of a CTL epitope, wherein said amino acid 

sequences are different; and 

(b) one or more internal lysine residues or internal lysine analog 
residues for covalent attachment of each of said lipid moieties via 
the epsllon-amino group or tenninal side-chain group of said 

20 lysine or lysine analog; and 

(ii) each of said one or more lipid moieties is covalently attached 
directly or indirectly to an epsllon-amino group of said one or more 
internal lysine residues or to a tenminal side-chain group of said 
internal lysine analog residues. 

25 

As used herein, the terni "lipopeptide" means any non-naturally occumng 
composition of matter coriiprising one or more lipid moieties and one or more 
amino acid sequences that are directly or indirectly conjugated, said composition 
of matter being substantially free of conspecific non-conjugated lipid or protein. 

30 

By "directly" means that a lipid moiety and an amino acid sequence are 
juxtaposed In said lipopeptide (i.e. they are not separated by a spacer molecule). 
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By "indirectly" means that a lipid moiety and an amino acid sequence are 
separated by a spacer comprising one or more carbon-containing molecules, such 
as. for example, one or more amino acid residues, the amino acid sequence may 
be of any length, constrained by the requirement for functionality of both the T- 
5 helper epitope and the CTL epitope. 

As used herein, the temi "internal lysine residue" means a lysine residue in the 
polypeptide comprising both the T-helper epitope and the CTL epitope, wherein 
said lysine is not the N-temiinal amino acid residue or the C-temninal residue of 

10 said polypeptide. Accordingly, the internal lysine residue may be a C-temiinal or 
N-terminai residue of either the T-helper epitope or the CTL epitope, provided that 
it is internalized in the polypeptide. This means that the internal lysine residue to 
which the lipid moiety is attached is a residue that is present in the amino acid 
sequence of the T helper cell epitope or the amino acid sequence of the CTL 

15 epitope. The internal lysine residue may also be distinct from the T-helper epitope 
or the CTL epitope. In which case it must link these two epitopes of the 
polypeptide. 

Similarly, the term "intemal lysine analog residue" means a lysine analog residue 
20 in the polypeptide comprising both the T-helper epitope and the CTL epitope, 
wherein said lysine analog is not the N-temiinal amino acid residue or the C- 
tenninal residue of said polypeptide. The crtieria for establishing whether or not a 
lysine residue is "internal" shall apply mutatis mutandis to determing whether or 
not a lysine analog is intemal. 



By "lysine analog" is meant a synthetic compound capable of being incorporated 
Into the Intemal part of a peptide lhat has a suitable side-group to which the lipid 
moiety can be coupled, including an amino acid analog or non-naturally occuning 
•amino acid having such an amino side group. ' Prefen-ed lysine analogs include 
30 compounds of the following general Fomriula (V): 



25 




X 
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wherein n is an integer from 0 to 3 and wherein X is a terminal side-chain group of 
said internal lysine analog residue selected from tiie group consisting of NH, O 
and S. More preferably, n is an integer having a value from 1 to 3. More 
5 preferably, X is an amino group. In a particularly preferred embodiment, the 
lysine analog is selected from the group consisting of 2,3 diamlnoproplonic acid 
(Dpr), 2,4-dlaminobutyric acid (Dab) and 2.6-dlamlnovaIeric add D.e, ornithine 
(Om)]. 

10 Those skilled in the art will know the meaning of the term "epsilon-amino group". 
The term "terminal side-chain group" means a substituent on the side chain of a 
lysine analog the Is distal to the alpha-carbon of said analog, such as, for 
example, a beta-amino of Dpr, gamma-amino of Dab, or delta-amino of Om, 

15 Preferably, the lipid moiety , is attached via the epsilon amino group of a lysine 
residue or to a terminal side-chain group of said internal lysine analog residue that 
is positioned between the amino acid sequences of the T helper epitope and the 
CTL epitope. 

20 The enhanced ability of the lipopeptides of the invention to elicit a T cell response 
is reflected by their ability to upregulate the surface expression of MHC class II 
molecules on immature dendritic cells (DC), particularly D1 cells, and by the 
enhanced number of CDS* T cells in tissue samples of Immunized animals. In the 
case of animals immunized using CTLs of a viral pathogen, the enhanced ability 

25 of the lipopeptides of the invention to elicit a T cell response is also indicated by 
the enhanced viral clearance following immunization of animals. 

Preferably, the lipopeptides are soluble, more preferably highly soluble. 

30 As will be known to those skilled In the art, the epsiton amino group of lysine is the 
terminal amino group of the side chain of this amino acid. Use of the terminal 
side-chain group of the intemal lysine or internal lysine analog for cross-linkage to 
the lipid moiety facilitates the synthesis of the polypeptide moiety as a co-linear 
amino acid sequence incorporating both the T-helper epitope and the CTL 
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epitope. There is a clear structural distinction between a lipopeptide having lipid 
attached via the epsilon amino group of a lysine residue or the terminal side-chain 
group of a lysine analog, and a lipopeptide having the lipid attached via an alpha 
amino group of a lysine in the peptide. 

5 

Accordingly, It is particularly preferred for at least one internal lysine residue or 
internal lysine analog to which the lipid moiety is attached to be positioned within 
the polypeptide moiety so as to separate the immunologically-functlonal epitopes. 
For example, the internal lysine residue or internal lysine analog may act as a 

10 spacer and/or linking residue between the epitopes. Naturally, wherein the . 
internal lysine or internal lysine analog Is positioned between the T-helper epitope 
and the CTL epitope, the lipid moiety will be attached at a position that is also 
between these epitopes, albeit forming a branch fi-om the amino acid sequence of 
the polypeptide. As exemplified herein, a single internal lysine residue Is used to 

15 separate CTL and T-helper epitopes (eg. SEQ ID No: 4). 

The present Invention clearly contemplates the nesting of the internal lysine 
residue or internal lysine analog residue within a third amino acid sequence that 
does not function as a CTL epitope or T-helper epitope. For example, the Internal 
20 lysine or Internal lysine analog may be conjugated to one or more different amino 
acid residues. 

The epsilon amino group of the Internal lysine or terminal side-chain group of an 
internal lysine analog can be protected by chemical groups which are orthoigonal 
25 to those used to protect the alpha-amino and side-chain functional groups of otiier 
amino acids. In this way, the epsilon amino group or other side-chain group of an 
Intemal lysine or lysine analog can be selectively exposed to allow attachment of 
chemical groups, isuch as lipid-containing moieties, specifically to the epsilon 
amino group or side-chain amino group, as appropriate. 

30 . 

For peptide syntheses using using Fmoc chemistry, a suitable orthogonally 
protected epsilon group of lysirte |s provided by the modified amino acid residue 
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Fmoc-Lys(Mtt)-OH {Na-FmoC'Ns'4-methyltrityl-L'lysine). Similar suitable 
orthogonally-protected side-chain groups are available for various lysine aniogs 
contemplated herein, eg. Fmoc-Om(Mtt)-OH {Na-Fmoc-NS^-methyltrityl-L' 
Ornithine), Fmoc-Dab(Mtt)-OH {Na'FmoC'Nj^4'metliyl&ityl-L'diaminobutyric acid) 
and Fmoc-Dpr(Mtt)-OH {Na-FmocrNp-A-methyitrityi'L-diaminopropionic acid). 
The side-chain protecting group Mtt is stable to conditions under which the Fmoc 
group present on the alpha amino group of lysine or a lysine analog is removed 
but can be selectively removed with 1% trifluoroacetic acid in dichloromethane. 
Fmoc-Lys(Dde)-OH {Na-Fmoc-Ns-'1-(4, 4^imettiyl-2, 6-dioxocyclolieX'1- 

ylidene)etliyl-L-lysine) or Fmoc-Lys(lvDde)-OH {Na'FmoC'N£''1'(4,4<iimettiyl'2,6'' 
dioxocyclotiex-1-ylidene)'3'mettiylbutyl'L-lysine) can also be used in this context, 
wherein the Dde side-chain protecting groups is selectively removed during 
peptide synthesis by treatment with hydrazine. 

For peptide syntheses using Boo chemistry, Boc-Lys(Fmoc)-OH can be used. 
The side-chain protecting group Fmoc can be selectively removed by treatment 
with piperidine or DBU (1 ,8-Diazabicyclo[5.4.0]undec-7-ene) but remain in place 
when the Boc group Is removed from the alpha terminus using trifluoroacetic acid. 

Preferably, the T helper epitope and CTL epitope are separated by at least one or 
two or three or four or five amino acid residues including a single internal lysine 
residue or internal lysine analog residue. 

The present invention cleariy contemplates the addition of multiple lipid moieties , 
to the polypeptide moiety. For example, the polypeptide may include multiple 
internal lysine residues and/or multiple intemal lysine analogs. Steric hindrance 
may occur in the addition of lipid if multiple intemal lysines or multiple lysine 
analogs are positioned more closely together, thereby producing a mixture of end- 
products, or a reduced yield. 

Relevant to this consideration is the fact that rt is not necessary for the entire 
amino acid sequence comprising the T-helper epitope or the entire amino acid 
sequence comprising the CTL epitope to have an Immune function. Accordingly, 
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the said amino acid sequences, wiiilst comprising said epitopes may Inave 
additional sequence not possessing T-iielper cell activity or a CTL epitope. 
Where such additional sequences include one or more intemal lysine or lysine 
analog residues, the temnlnal side-chain groups of such residues may sen/e as 
attachment sites for the lipid moiety. Naturally, it Is essential to retain both T- 
helper function and CTL epitope function. 

The positioning of the intemal lysine residue or Intemal lysine analog for 
attachment of the lipid moiety should also be selected such that attachment of the 
lipid moiety does not interfere with the immune function of the T-helper epitope or 
the CTL epitope in a subject to whom the lipopeptide is administered. For 
example, depending upon the selection of lipid moiety, the attachment of said lipid 
within the CTL epitope may sterically hinder CTL epitope presentation. 

A generalized prefenred fomn of the lipopeptide of the invention, wherein the 
intemal lysine or intemal lysine analog Is positioned between the T-helper and 
CTL epitopes Is provided by the genereil Fomnula (VI). 



Fomiula (VI): 



20 



epitope 



25 



wherein: 
epitope 
30 A 

n 
X 



]__ A _ 



epitope 



NH _CH —CO — A — 
(<1h 2)n 

I 

Y 
I 

■ • ■ " Z 



is a T-helper epitope or CTL epftope; 

is either present or absent and consists of an amino acid spacer of 
about 1 to about 6 amino acids in length; 
is an Integer having a value of 1 , 2, 3, or 4; 

is a temiinal side-chain group selected from the group consisting of 
NH, O and S and preferably consisting of NH; 
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Y is either present of absent and consists of an amino acid spacer of 

about 1 to about 6 amino acids in length, wherein it is preferred for 
said amino acid to be serine; and 

Z is a lipid moiety, preferably Pam2Cys or PamaCys. 

5 

The T-helper epitope is any T-helper epitope laiown to the skilled artisan for 
enhancing an immune response in a particular target subject (i.e. a human 
subject, or a specific non-human animal subject such as, for example, a rat, 
mouse, guinea pig, dog, horse, pig, or goat). Preferred T-helper epitopes 
10 comprise at least about 10-24 amino acids in length, more generally about 15 to 
about 20 amino acids in length. 

Promiscuous or permissive T-helper epitopes are particularty preferred as these 
are readily synthesized chemically and obviate the need to use longer 
15 polypeptides comprising multiple T-helper epitopes. 

Examples of promiscuous or permissive T-helper epitopes suitable for use in the 
lipopeptldes of the present invention are selected from the group consisting of: 



(i) a rodent or human T-helper epitope of tetanus toxoid peptide (TTP), such 
20 as, for example amino acids 830-843 of TTP (Panina-Bordignon ef a/., Eur. 

J. Immun. 19, 2237-2242, 1989); 

(ii) a rodent or human T-helper epitope of Plasmodium falciparum pfg27; 

(iii) a rodent or human T-helper epitope of lactate dehydrogenase; 

(Iv) a rodent or human T-helper epitope of the envelope protein of HIV or 
25 HIVgp120 (Berzofsky et aL, J. Clin. Invest 88, 876-884. 1991 ); 

(v) a synthetic human T-helper epitope (PADRE) predicted from the amino acid 
sequence of knov\m anchor proteins (Alexander et aL, Immunity 1, 751-761 , 
1994); 

(vi) a rodent or human T-helper epitope of measles virus fusion protein (MV-F; 
30 Muller et aL, MoL Immunol. 32, 37-47. 1995; Partidos et al., J. Gen. ViroL, 



71, 2099-2105, 1990); 
(vii) a T-helper epitope comprising at least about 10 amino acid residues of 
canine distemper virus fusion protein (CDV-F) such as, for example, from 
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amino acid positions 148-283 of CDV-F (Giiosii et ai, Immunol. 104, 58- 

66, 2001 ; International Patent Publication No. WO 00/46390); 
(viii) a human T-helper epitope derived from the peptide sequence of 

extracellular tandern repeat domain of MUC1 mucin (US Patent Application 
5 No. 0020018806): 

(Ix) a rodent or human T-helper epitope of influenza virus hemagglutinin (IV-H) 

(Jackson etal. Virol. 198, 613-623, 1994); and 
(x) a bovine or camel T-helper epitope of the VP3 protein of foot and mouth 

disease virus (FMDV-O1 Kaufbeuren strain), comprising residues 173 to 
10 1 76 of VP3 or the con-esponding amino acids of another strain of FiVIDV. 

As will be known to those skilled in the art, a T-helper epitope may be recognised 
by one or more mammals of different species. Accordingly, the designation of any 
T-helper epitope herein is not to be considered restrictive with respect to the 
15 Immune system of the species in which the epitope is recognised. For example, a 
rodent T-helper epitope can be recognised by the Immune system of a mouse, rat, 
rabbit, guinea pig, or other rodent, or a human or dog. 

Moro preferably, the T-helper epitope will comprise an amino acid sequence 
20 selected from the group consisting of: 

(i) ALNNRFQIKGVELKS from IV-H (SEQ ID NO: 1 ); 

(ii) GALNNRFQIKGVELKSfromlV-H(SEQIDNO:14); 
(lii) LSEIKGVIVHRLEGV from MV-F (SEQ ID NO: 15); 

(iv) TAAQITAGIALHQSNLN from CDV-F (SEQ ID NO: 16); 
25 (v) IGTDNVHYKIMTRPSHQfromCDV-F(SEQIDNO:17); 
(vi) YKIMTRPSHQYLVIKLI from CDV-F (SEQ ID NO: 1 8); 
(vll) SHQYLVIKLIPNASLIE from CDV-F (SEQ ID NO: 1 9); 

(viii) KLIPNASLIENCTKAEL from CDV-F (SEQ ID NO: 20); 

(ix) LIENCTKAELGEYEKLLfromCDV-F(SEQIDNO:21); 
30 (x) AELGEYEKLLNSVLEPI from CDV-F (SEQ ID NO: 22); 

(xi) KLLNSVLEPINQALTLM from CDV-F (SEQ ID NO: 23); 

(xii) EPINQALTLMTKNVKPL from CDV-F (SEQ ID NO: 24); 

(xiii) TLMTKNVKPLQSLGSGRfromCDV-F(SEQIDNO:25); 

(xiv) KPLQSLGSGRRQRRFAG from CDV-F (SEQ ID NO: 26); 
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(XV) SGRRQRRFAGWLAGVA from CDV-F (SEQ ID NO: 27); 
(xvi) FAGWLAGVALGVATAA from CDV-F (SEQ ID NO: 28); 
(xvll) GVALGVATAAQITAGIA from CDV-F (SEQ ID NO: 29); 
(xvlii) GIALHQSNLNAQAIQSL from CDV-F (SEQ ID NO: 30); 
5 (xix) NLNAQAIQSLRTSLEQS from CDV-F (SEQ ID NO: 31 ); 
(XX) QSLRTSLEQSNKAIEEI from CDV-F (SEQ ID NO: 32); 
(xxl) EQSNKAIEEIREATQET fipm CDV-F (SEQ ID NO: 33); 
(xxii) SSKTQTHTQQDRPPQPS from CDV-F (SEQ ID NO: 34); 
(xxlli) QPSTELEETRTSRARHS from CDV-F (SEQ ID NO: 35); 

(xxiv) RHSTTSAQRSTHYDPRT from CDV-F (SEQ ID NO: 36); 

(xxv) PRTSDRPVSYTMNRTRS from CDV-F (SEQ ID NO: 37); 

(xxvi) TRSRKQTSHRLKNIPVH from CDV-F (SEQ ID NO: 38); 

(xxvii) TELLSIFGPSLRDPISA from CDV-F (SEQ ID NO: 39); 
(xxvili) PRYIATNGYLISNFDES from CDV-F (SEQ ID NO: 40); 
(xxlx) CIRGDTSSCARTLVSGT fiiom CDV-F (SEQ ID NO: 41); 
(XXX) DESSCVFVSESAICSQN fiPom CDV-F (SEQ ID NO: 42); 
(xxxl) TSTIINQSPDKLLTFIA from CDV-F (SEQ ID NO: 43); 
(xxxH) SPDKLLTFIASDTCPLV from CDV-F (SEQ ID NO: 44); 
(xxxlii)STAPPAHGVTSAPDTRAPGSTAPP from MUC-1 (SEQ ID NO: 45); 

(xxxiv) GVTSAPDTRPAPGSTASSLfrom MUC-1 (SEQ ID NO: 46); 

(xxxv) GVTSAPDTRPAPGSTASL from MUC-1 (SEQ ID NO: 47); 
(xxxvl)TAPPAHGVTSAPDTRPAPGSTAPPKKG from MUC-1 (SEQ ID NO: 48); 
(xxxvii) STAPPAHGVTSAPDTRPAPGSTAPPK of MUC-1 (SEQ ID NO: 49); 
(xxxviil) GVAE from FMDV-VP3 protein (SEQ ID NO: 50); 

(xxxix)TASGVAETTN of FMDV-VP3 (residues 170 to 179) (SEQ ID NO: 51); and 
(xl) TAKSKKFPSYTATYQF from FMDV (SEQ ID NO: 52). 

The T-helper epitopes disclosed herein are Included for the purposes of 
exemplification only. Using standard, peptide synthesis techniques known to the 
skilled artisan, the T-helper epitopes referred to herein are readily substituted for a 
different T-helper epitope to adapt the lipopeptide of the invention for use In a 
different species. Accordingly, additional T-helper epitopes known to the skilled 
person to be useful in eliciting or enhancing an immune response in a taiiget 
species are not to be excluded. 
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Additional T-helper epitopes may be identified by a detailed analysis, using in vitro 
T-cell stimulation techniques of component proteins, protein fragments and 
peptides to identify appropriate sequences (Goodman and Sercarz, Ann. Rev. 
5. immunoi., 1, 465, (1983); Berzofsky, In: "The Year In Immunology. Vol. 2" page 
151, Karger, Basel, 1986; and Livingstone and Fathman, Ann. Rev. Immunol., 5, 
477, (1987)). 

The CTL epitope is conveniently derived from the amino acid sequence of an 
10 immunogenic protein, lipoprotein, or glycoprotein of a vims, prol<aryotic or 
- eukaryotic organism, including but not limited to a CTL epitope derived from a 
mammalian subject or a bacterium, fungus, protozoan, or parasite that infects said 
subject. Mimotopes of the CTL epitopes are specifically included within the scope 
of the invention. 

15 

The CTL epitope \will be capable of eliciting a T cell response when administered 
to a mammal, preferably by activating CD8+ T cells specific for the epitope or 
antigen from which the epitope was derived, and more preferably, by Inducing cell 
mediated immunity against the pathogen or tumour ceil from which the epitope Is 
20 derived. 

Shorter CTL epitopes are prefen-ed, to facilitate peptide synthesis. Preferably, the 
length of the CTL epitope will not exceed about 30 amino acids in length. IVIore 
preferably, the CTL epitope sequence consists of about 25 amino acid residues or 
25 less, and more preferably less than 20 amino acid residues, and even more 
preferably about 8-12 amino acid residues in length. 

Prefen-ed CTL epitopes from parasites are those assocfated with leishmania, 
malaria, trypanosomiasis, babesiosis, or schistosomiasis, such as, for example a 
30 CTL epitope of an antigen of a parasite selected from the group, consisting of: 
Plasmodium falciparum; CIrcumsporozoa; Leishmania donovani; Toxoplasma 
gondii; Schistosoma mansoni; Schistosoma Japonlcum; Schistosoma 
hematobium; and Trypanosoma brucei. 
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Particularly preferred CTL epitopes of P. falciparum are derived from an antigen 
selected from the group consisting of: circumsporozoite protein (CSP), sporozolte 
surface protein 2 (PfSSP2), liver stage antigen 1 (LSA1). merozolte surface 
protein 1 (MSP1), serine repeat antigen (SERA), and AMA-1 antigen (Amante, et 

5 al. J. Immunol. 159. 5535-5544. 1997; .Chaba et al. Int. J. Immunophann. 20, 
259-273, 1998; Shi etal., Proc. Natl Acad. Sci (USA) 96, 1615-1620. 1999; Wang 
et al. Science 282, 476-479. 1998; and Zevering et al. Immunol. 94, 445-454, 
1998). Particulariy prefen-ed CTL epitopes of L. donovani are derived from the 
Repetitive Peptide (Liew et al., J. Exp. Med. 172, 1359 (1990)). Particulariy 

10 preferred CTL epitopes of T, gondii are derived from the P30 surface protein 
(Darcy etal., J. Immunol. 149, 3636 (1992)). Particulariy prefenred CTL epitopes 
of S. mansoni are derived from the Sm-28GST antigen (Wolowxzulc et al., J. 
Immunol 146:^9Q7 {^Q9^)). 

15 Prefen^d virus-specific CTL epitopes are derived from Rotaviruses, Herpes 
viruses. Corona viruses, Picomaviruses (eg, Apthovlrus), Respiratory SyncKal 
virus, Influenza Virus, Parainfluenza vims, Adenovirus, Pox viruses. Bovine 
herpes virus Type I, Bovine viral diarriiea virus. Bovine rotaviruses. Canine 
Distemper Vims (CDV), Foot and Mouth Disease Vims (FIVIDV), Measles Vims 

20 (MV), Human Immunodeficiency VImses (HlV), Feline Immunodeficiency VImses 
(FIV), Epstein-Ban- vims (EBV). Human Cytomegalovims (HCMV), or hepatitis 
vimses, and the iii<e. 

Particulariy preferred CTL epitopes of HIV-1 are derived from the env, gag, or poi 
25 proteins. Particulariy prefen-ed CTL epitopes of Influenza virus are derived from 
the nucieoprotein (Taylor etal., Immunogenetics 26, 267 (1989); Townsend et al., 
Nature 346, 674(1983)), matrix protein (Bednarek et ai., J. Immunol. 147, 4047 
(1991)) or polymerase protein (Jameson et al., J. Virdl. 72, 8682-8689, 1998; and 
Glanfrani et al, Human Immunol. 61, 438-452. 2000). Particulariy prefen-ed CTL 
30 epitopes of Lymphocytic choriomeningitis vims (LCMV) are derived from 
glycoprotein-1 antigen (ZInkemagel etal. Nature 248, 701-702, 1974). Particulariy 
preferred CTL epitopes of cytpmegalovims are derived from an antigen selected 
from the group consisting of: of pp28, pp50, pp65, pp71, pp150, gB, gH, IE-1, lE- 
2, US2, US3, US6, US11, and UL18 (eg. Diamond, USSN 6,074,645, June 13, 
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2000; Longmate etal.. Immunogenet 52, 165-173, 2000; Wills etaL, J. Virol. 70, 
7569-7579, 1996; Solache etal.. J. Immunol. 163, 5512-5518. 1999; Diamond et 
al, Blood 90, 1751-1767, 1997; Kem et ai, Nature Med. 4, 975-978, 1998; 
Weekes et al.. J. Virol. 73, 2099-2108, 1999; Retl^re et al.. J. Virol. 74. 3948- 

5 3952, 2000; and Salquin ef al.. Eur. J. Immunol. 30, 2531-2539, 2000). 
Particularly preferred CTL epitopes of Measles Virus are derived from the fusion 
glycoprotein (I\/!V-F) and particularly finom residues 438-446 thereof (Herberts et 
al. J. Gen Virol. 82, 2131-2142, 2001). Particularly prefen-ed epitopes from 
Epstein-Ban" virus (EBV) are derived from a latent nuclear antigen (EBNA) or 

10 latent membrane protein (LMP) of EBV, such as, for example, EBNA 2A. EBNA 
3A, EBNA 4A, or EBNA 14a from EBV type A; EBNA 2B, EBNA 3B, EBNA 4B, or 
EBNA 14b from EBV type B; LMP1; or LMP2 (International Patent Application No. 
PCT/AU95/00140 published Sep. 16. 1995; International Patent Application No. 
PCT/AU97/00328 published Nov: 24. 1997; and International Patent Application 

15 No. PCT/AU98/00531 published Jan. 10, 1998). 

Preferred bacteria-specific CTL epitopes are derived from Pasteurella. 
Actinobacillus, Haemophilus, Listeria monocytogenes, Mycobacterium 
tuberculosis. Staphylococcus, Neisseria gonorrhoeae, Helicobacter pylori, 
20 Streptococcus pneumoniae. Salmonella enterica, E. coll. Shigella, and the like. 

Suitable bacterial CTL epitopes include, for example, those CTL epitopes derived 
from the Mycobacterium tuberculosis 65Kd protein (Lamb etal.. EMBO J., 6, 1245 
(1987)); M. tuberculosis ESAT-6 protein (IVlorten ef al.. Infect. Immun. 66. 717- 
25 723, 1998); Staphylococcus aureus nuclease protein' (Finnegan et al.. J. Exp. 
Med. 164, 897 (1986)); Escherichia coll heat stable enterotoxin (Cardenas et al.. 
Infect Immunity 61, 4629 (1993)); and Escherichia coli heat labile enterotoxin 
(Clements etal.. Infect, Immunity 53, 685 (1986)). 

30 Preferred CTL epitopes from mammalian subjects are derived from and/or 
capable of generating T cell responses against a tumor CTL antigen. Tumor- 
specific CTL epitopes are usualjy native or foreign CTL epitopes, the expression 
of which is correlated with the development, growth, presence or recurrence of a 
tumor. In as much as such CTL epitopes are useful in differentiating abnormal 
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from normal tissue, they are useful as a target for therapeutic intervention. Such 
CTL epitopes are well known in the art. indeed, several examples are well- 
characterized and are currently the focjus of great interest in the generation of 
tumor-specific therapies. Non-limiting examples of tumor CTL epitopes are 
5 derived from carclnoembryonlc antigen (CEA), prostate specific antigen (PSA), 
melanoma antigen (MAGE, BAGE, GAGE), and mucins, such as MUC-1 . 

Preferred CTL epitopes for administering to a cancer patient are derived from a 
protein that Induces cancer, such as, for example, an oncoprotein (e.g., p53, nas 
10 etc.). 

In a particulariy prefenred embodiment, the CTL epitope will comprise or consist of 
an amino acid sequence selected from the group consisting oft 
TYQRTRALV from the NP of PR8 vims (SEQ ID IMO: 2); 
KPKDELDYENDIEKKICKMEKCS of P. falciparum CSP (SEQ ID NO: 53); 
DIEKKICKMEKCSSVFNWNS from P. falciparum CSP (SEQ ID NO: 54); 
KPIVQYDNF from P. falciparum LSA1 (SEQ ID NO: 65); 
GISYYEKVLAKYKDDLE from P. falciparum MSP1 (SEQ ID NO: 56); 
EFTYMINFGRGQNYWEHPYQKS of P. falaparum AMA-I (SEQ ID NO: 57); 
DQPKQYEQHLTDYEKIKEG from P. falciparum AMA-1 (SEQ ID NO: 58); 
NMWQEVGKAM from HIV-1 env protein (SEQ ID NO: 59); 
APTKAKRRW from HIV-1 env protein (SEQ ID NO: 60); 
CTRPNNNTRKfrom HIV-1 env protein (SEQ ID NO: 61); 
TVYYGVPyWK from HIV-1 env protein (SEQ ID NO: 62); 
RPWSTQLL from HIV-1 env^ protein (SEQ ID NO: 63); 
SLYNTVATLY from HIV-1 gag protein (SEQ ID NO: 64); 
ELRSLYNTVA fiiom HIV-1 gag protein (SEQ ID NO: 65); 
KIRLRPGGKK from HIV-1 gag protein (SEQ ID NO: 66); 
IRLRPGGKKK from HIV-1 gag protein (SEQ ID NO: 67); 
30 (xvll) RLRPGGKKK from HIV-1 gag protein (SEQ ID NO: 68); 
(xvili) GPGHKARVLA fix)m HIV-1 gag protein (SEQ ID NO: 69); 
(xix) SPIETVPVKL from HIV-1 pol protein (SEQ ID NO: 70); 
(XX) ILKEPVHGVY from HiV-1 pol protein (SEQ ID NO: 71 ); 
(xxl) AIFQSSMTKfromHIV-1po/protein(SEQIDNO:72); 
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(xxii) SPAIFQSSMT from HIV-1 pol protein (SEQ ID NO: 73); 

(xxiii) QVRDQAEHLKfrom HIV-1 po/ protein (SEQ ID NO: 74); 

(xxiv) GPKyKQWPLT from HIV-1 pol protein (SEQ ID NO: 75); 

(xxv) TYQRTRALV from influenza virus nucleoprotein (SEQ ID NO: 76); 

5 (xxvi) TYQRTRALVRTGMDP from influenza nucleoprotein (SEQ ID NO: 77); 
(xxvil) lASNENMDAMESSTL from influenza virus nucleoprotein (SEQ ID NO: 78); 

(xxviii) KAVYNFATI\4 from LCMV gp1 (SEQ ID NO: 79); 

(xxix) QVKWRMTTL from EBV (SEQ ID NO: 80); 
(XXX) VFSDGRVAC from EBV (SEQ ID NO: 81); 

10 (xxxi) VPAPAGPIV from EBV (SEQ ID NO: 82); 
(xxxii) TYSAGIVQI from EBV (SEQ ID NO: 83); 
(xxxlii)LLDFVRFl\/lGV from EBV (SEQ ID NQ: 84); 

(xxxiv) QNGALAINTF from EBV (SEQ ID NO: 85); 

(xxxv) VSSDGRVAG from EBV (SEQ ID NO: 86); 
15 (xxxvi) VSSEGRVAC from EBV (SEQ ID NO: 87); 

(xxxvii) VSSDGRVPC from EBV (SEQ ID NO: 88); 

(xxxviii) VSSDGLVAC from EBV (SEQ ID NO: 89); 

(xxxix) VSSDGQVAC from EBV (SEQ ID NO: 90); 
(xl) VSSDGRWC from EBV (SEQ ID NO: 91 ); 

20 (xll) VPAPPVGPIV from EBV (SEQ ID NO: 92); 

(xlil) VEITPYEPTG from EBV (SEQ ID NO: 93); 

(xliii) VEITPYEPTW from EBV (SEQ ID NO: 94); 

(xliv) VELTPYKPTW from EBV (SEQ ID NO: 95); 

(xlv) RRIYDLIKL from EBV (SEQ ID NO: 96); 
25 (xlvi) RKIYDLIEL from EBV (SEQ ID NO: 97); 

(xlvli) PYLFWI_AGi. from EBV (SEQ ID NO: 98); 

(xlviii) TSLYNLRRGTALA from EBV (SEQ ID NO: 99); 

(xilx) DTPLIPLTIF from EBV (SEQ ID NO: 100); 

(I) . TVF=YNIPPMPL from EBV (SEQ ID NO:. 1 01 ); 
30 (li) VEITPYKPtWfrom EBV(SEQID NO: 102); 

(Hi) VSFIEFVGW from EBV (SEQ ID NO: 103); 

(llii) FRKAQIQGL from EBV (SEQ ID NO: 104); 

(liv) FLRGRAYGLfromEBV(SEQIDNO: 105); 

(Iv) QAKWRLQTL from EBV (SEQ ID NO: 106); 
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(Ivi) SVRDRLARL from EBV (SEQ ID NO: 107); 

(Ml) YPLHEQHGM fix)m EBV (SEQ ID NO: 108); 

(Ivlll) HLAAQGMAY from EBV (SEQ ID NO: 109); 

(llx) RPPIFIRRL from EBV (SEQ ID NO: 1 1 0); 
5 (Ix) RLRAEAGVK from EBV (SEQ ID NO: 1 1 1 ); 

(Ixi) IVTDFSVIK from EBV (SEQ ID NO: 1 1 2); 

(Ixll) AVFDRKSDAKfiX)mEBV(SEQIDNO: 113); 

(Ixlii) NPTQAPVIQLVHAVY from EBV (SEQ ID NO: 114); 

(Ixlv) LPGPQVTAVLLHEES from EBV (SEQ ID NO: 115); 
10 (Ixv) DEPASTEPVHDQLL from EBV (SEQ ID NO: 1 1 6); 

(Ixvi) RYSIFFDY from EBV (SEQ ID NO: 1 1 7); 

(Ixvii) AVLLHEESM from EBV (SEQ ID NO: 118); 

(Ixviii) RRARSLSAERYfrom EBV (SEQ ID NO: 119); 

(Ixlx) EENLLDFVRFfromEBV(SEQIDNO: 120); 
15 (Ixx) KEHVIQNAF from EBV (SEQ ID NO: 1 21 ); 

(Ixxl) RRIYDLIELfrom EBV(SEQ ID NO: 122); 

(Ixxii) QPRAPIRPI from EBV (SEQ ID NO: 123); 

(Ixxiii) EGGVGWRHW from EBV (SEQ ID NO: 124); 

(Ixxlv) CLGGLLTMVfrom EBV (SEQ ID NO: 125); 
20 (Ixxv) RRRWRRLTV from EBV (SEQ ID NO: 126); 

(Ixxvl) RAKFKQLL from EBV (SEQ ID NO: 127); 

(Ixxvii)RKCCRAKFKQLLQHYR. from EBV (SEQ ID NO: 128); 

(Ixxvlii) YLLEMLWRL from EBV (SEQ ID NO: 129); 

(Ixxix) YFLEILWGL from EBV (SEQ ID NO: 130); 
25 (Ixxx) YLLEILWRL from EBV (SEQ ID NO: 1 31 ); 

(Ixxxl) YLQQN\A/WTL from EBV (SEQ ID NO: 132); 

(IxxxIi)LLLALLFWL from EBV (SEQ ID NO: 133); 

(Ixxxiii) LLVDLLWLL from EBV (SEQ ID NO: 134); 
. (Ixxxiv) LLLIALWNL fix)m EBV (SEQ ID NO: 1 35); 
30 (lxxxv)WLLLFLAlL from EBV (SEQ ID NO: 136); 

(Ixxxvl) TLLVDLLWL from EBV (SEQ ID NO: 137); 

(Ixxxvli) LLWLLLFLA from EBV (SEQ ID NO: 138); 

(Ixxxvlil) ILLIIALYL from EBV (SEQ ID NO: 139); 

(Ixxxlx) VLFIFGGLL from EBV (SEQ ID NO: 1 40); 
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^ (xc) RLGATIWQL from EBV (SEQ ID NO: 141 ); 

(xci) ILYFIAFAL from EBV (SEQ ID NO: 142); 

(xcii) SLVIVTTFV from EBV (SEQ ID NO: 143); 

(xcili) LMIIPLINV from EBV (SEQ ID NO: 1 44); 
5 (xciv) TLFIGSHW from EBV (SEQ ID NO: 145); 

(xcv) LIPETVPYI from EBV (SEQ ID NO: 146); 

(xcvi) VLQWASLAVfrom EBV (SEQ ID NO: 147); 

(xcvii) QLTPHTKAV from EBV (SEQ ID NO: 148); 

(xcvlll)SVLGPISGHVLKfrom HCMV pp65 (SEQ ID NO: 149); 
10 (xcix) FTSQYRIQGKL from HCMV pp65(SEQ ID NO: 150); 

(c) FVFPTKDVALR from HCMV pp65 (SEQ ID NO: 1 51 ); 

(ci) FPTKDVAL from HCMV pp65 (SEQ ID NO: 1 52); 

(cii) NLVPMVATV from HCMV pp65 (SEQ ID NO: 1 53); 

(clli) MLNIPSINV from HCMV pp65 (SEQ ID NO: 1 54); 
15 (civ) RIFAELEGVfrom HCMV pp65(SEQ ID NO: 155); 

(cv) TPRVTGGGGAM from HCMV pp65 (SEQ ID NO: 156); 

(cvl) RPHERNGFTVL from HCMV pp65 (SEQ ID NO: 1 57); 

(evil) RLLQTGIHVfrom HCMV pp65 (SEQ ID NO: 158); 

(cvlii) VIGDQYVKV from HCMV pp65 (SEQ ID NO: 159); 
20 (cix) ALFFFDIDL from HCMV pp65 (SEQ ID NO: 160); 

(cx) YSEHPTFTSQY from HCMV pp65 (SEQ ID NO: 1 61 ); 

(cxi) VLCPKNMIIfromHCMVpp65(SEQIDNO: 162); . 

(cxil) DIYRIFAEL from HCMV pp65 (SEQ ID NO: 163); 

(cxiii) ILARNLVPMV from HCMV pp65 (SEQ ID NO: 164); 
25 (cxM EFFWDANDIY from HCMV pp65 (SEQ ID NO: 165); 

(cxv) IPSINVHHY) from HCMV pp65 (SEQ ID NO: 166); 

(cxvi) YILEETSVM from HCMV IE-1 (SEQ ID NO: 167); 

(cxvll)CVETMCNEYfrom HCMV IE-1 (SEQ ID NO: 168); 

(cxvlil)RRIEEICMK from HCMV IE-1 (SEQ ID NO: 1 69); 
30 (cxix) TTVYPPSSTAK from HCMV pp1 50 (SEQ ID NO: 1 70); 

(cxx) RRYPDAVYL from Measles Virus Fusion glycoprotein (SEQ ID NO: 171); 

(cxxl) GYKDGNEYI from Usteria monocytogenes (SEQ ID NO: 172); 

(cxxll) SIINFEKL from ovalbumin (SEQ ID NO: 1 73); and 

(cxxiii)DLMGYIPLV from the core protein of hepatitis C virus (SEQ ID NO: 176). 
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It will be apparent from the preceding description that the polypeptide moiety of 
the subject lipopeptide'is synthesized conveniently as a single amino add chain, 
thereby requiring no post-syntliesis modification to incorporate both epitopes. As 
5 exemplified herein, a polypeptide moiety comprising an amino acid sequence 
selected from the group consisting of the following is preferred: 

(I) ALNNRFQIKGVELKSTYQRTRALV (SEQ ID NO: 3); 

(ii) ALNNRFQIKGVELKSKTYQRTRALV (SEQ ID NO: 4); 

10 (Hi) KLIPNASLIENCTKAELKTYQRTRALV (SEQ ID NO: 5); 

(iv) KLIPNASLIENCTKAELKNLVPMVATV (SEQ ID NO: 6); 

(V) AELGEYEKLLNSVLEPIKNLVPMVATV (SEQ ID NO: 7); 

(vi) TAAQITAGIALHQSNLNKNLVPMVATV (SEQ ID NO: 8); 

(vii) PRYIATNGYLISNFDESKNLVPMVAW (SEQ ID NO: 9); 
15 (vill) KLIPNASLIENCTKAELKYLLEMLWRL (SEQ ID NO: 10); 

(Ix) AELGEYEKLLNSVLEPIKYLLEMLWRL (SEQ ID NO: 1 1 ); 

(X) TAAQITAGIALHQSNLNKYLLEMLWRL (SEQ ID NO: 12); 

(xi) PRYIATNGYLISNFDESKYLLEMLWRL (SEQ ID NO: 1 3); 

(xii) KLIPNASLIENCTKAELKSIINFEKL (SEQ ID NO: 1 74); 

20 (xiii) KLIPNASLIENCTKAELKGYKDGNEYI(SEQIDNO: 175)and 
(xiv) KLIPNASUENCtKAELKDLMGYIPLV(SEQIDNO: 177). 



For the purposes of nomenclature, SEQ ID Nos: 3-4 relate to synthetic peptides 
comprising a T-helper epitope from the light chain of influenza virus hemagglutinin 

25 (i.e. SEQ ID NO: 1 ) and an Immunodominant H-2*'-restricted CTL epitope from the 
nucleoprotein of influenza virus strain PR8 (i.e. SEQ ID NO: 2) wherein the 
intemai lysine residue that provides a lipid attachment site at its epsilon-amino 
group Is indicated in bold type. In SEQ ID No: 4, an additional intemai lysine 
residue has been engineered between the T-helper and CTL epitope (K16 in SEQ 

30 ID NO: 4). 

SEQ ID No: 5 relates to a synthetic peptide comprising a T-helper epitope from 
canine distemper virus (CDV-F; SEQ ID NO: 20) that is active in dogs, mice, and 
humans and ah immunodominant H-2*^-restricted CTL epitope from the 
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nucleoprotein of influenza virus strain PR8 (i.e. SEQ ID NO: 2) wherein the 
Internal lysine residue that provides a lipid attachment site at its epsilon-amino 
group is indicated in bold type, in this peptide, an additional Internal lysine . 
residue has been engineered between the T-helper and CTL epitope (K18 in SEQ 
5 ID NO: 5). 

SEQ ID No: 6 relates to a synthetic peptide comprising a T-helper epitope from 
canine distemper vims (CDV-F; SEQ ID NO: 20) that Is active in dogs, mice, and 
humans and an immunodominant HLA A2-restricted CTL epitope from the 
10 immunodominant pp65 antigen of the cytomegalovirus of humans (i.e. HCMV 
pp65 antigen) (i.e. SEQ ID NO: 153) wherein the internal lysine residue that 
provides a lipid attachment site at its epsilon-amino group is indicated in bold 
type. In this peptide, an additional internal lysine residue has been engineered 
between the T-helper and CTL epitope (K18 in SEQ ID NO: 6). 

15 

SEQ ID No: 7 relates to a synthetic peptide comprising a T-helper epitope from 
canine distemper vims (CDV-F; SEQ ID NO: 22) that Is active in dogs, mice, and 
humans and an Immunodominant HLA A2-restricted CTL epitope from HCMV 
pp65 antigen (i.e. SEQ ID NO: 153) wherein the Internal lysine residue that 
20 provides a lipid attachment site at its epsilon-amino group Is indicated in bold 
type. In this peptide, an additional intemal lysine residue has been engineered 
between the T-helper and CTL epitope (K18 in SEQ ID NO: 7). 

SEQ ID No: 8 relates to a synthetic peptide comprising a T-helper epitope from 
25 canine distemper virus (CDV-F; SEQ ID NO: 16) that is active in dogs. mice, and 
humans and an Immunodominant HLA A2-restricted CTL epitope from HCMV 
pp65 antigen (I.e. SEQ ID NO: 153) wherein the Internal lysine residue that 
provides ^ lipid attachment site at Its epsilon-amino group Is indicated in bold 
type. In this peptide, an addltlonail intemal lysine residue has been engineered 
30 between the T-helper and CTL epitope (K1 8 In SEQ ID NO: 8). 

SEQ ID No: 9 relates to a synthetic peptide comprising a T-helper epitope from 
canine distemper vims (CDV-F; SEQ ID NO: 40) that is active In dogs, mice, and 
humans and an Immunodominant HLA A2-restricted CTL epitope from HCMV 
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pp65 antigen (i.e. SEQ ID NO: 153) wherein the internal lysine residue that 
provides a lipid attachment site at its epsilon-amino group is indicated In bold 
type. In this peptide, an additional internal lysine residue has been engineered 
between the t-helper and CTL epitope (K1 8 In SEQ ID NO: 9). 

5 

SEQ ID No: 10 relates to a synthetic peptide comprising a T-helper epitope from 
canine distemper virus (CDV-F; SEQ ID NO: 20) that is active in dogs, mice, and 
humans and an immunodominant HLA A2-restricted CTL epitope from Epstein- 
Ban- vims LMP1 antigen (I.e. EBV LMP1; SEQ ID NO: 129) wherein the internal 
10 lysine residue that provides a lipid attachment site at its epsilon-amino group is 
Indicated in bold type. In this peptide, an additional internal lysine residue has 
been engineered between the T-helper and CTL epitope (K18 in SEQ ID NO: 10); 

SEQ ID No: 1 1 relates to a synthetic peptide comprising a T-helper epitope from 
15 canine distemper virus (CDV-F; SEQ ID NO: 22) that is active in dogs, mice, and 
humans and an immunodominant HLA A2-restricted CTL epitope from EBV LMP1 
(SEQ ID NO: 129) wherein the internal lysine residue that provides a lipid 
attachment site at Its epsilon-amino group is indicated in bold type. In this 
peptide, an additional Internal lysine residue has been engineered between the T- 
20 helper and CTL epitope (K1 8 in SEQ ID NO: 1 1 ). 

SEQ ID No: 12 relates to a synthetic peptide comprising a T-helper epitope fi-om 
canine distemper virus (CDV-F; SEQ ID NO: 16) that is active In dogs, mice, and 
humans and an immunodominant HLA A2-restricted CTL epitope from EBV LMP1 
25 (SEQ ID NO: 129) wherein tlie internal lysine residue that provides a lipid 
attachment site at its epsilon-amino group is indicated in bold type. In this 
peptide, an additional internal lysine residue has been engineered between the T- 
helper and CTL epitope (K1 8 in SEQ ID NO: 12). 

30 SEQ ID No: 13 relates to a synthetic peptide comprising a T-helper epitope from 
canine distemper virus (CDV-F; SEQ ID NO: 40) that is active in dogs, mice, and 
humans and an Immunodominant HLA A2-restricted CTL epitope from EBV LMP1 
(SEQ ID NO: 129) wherein the Intemal lysine residue that provides a. lipid 
attachment site at its epsilon-amino group is indicated In bold type. In this 
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peptide. an additional internal lysine residue has been engineered between the T- 
helper and CTL epitope (K18 In SEQ ID NO: 13). 



SEQ ID No: 174 relates to a synthetic peptide comprising a T-helper epitope. from 
5 canine distemper virus (CDV-F; SEQ ID NO: 20) that is active In dogs, mice, and 
humans and an immunodominant CTL epitope from ovalbumln(l.e. SEQ ID NO: 
173) wherein the internal lysine residues that provide possible lipid attachment 
sites at its epsilon-amino group are indicated in bold type. Preferably, the lipid is 
attached via K18 in SEQ ID NO: 174, which is an additional intemal lysine residue 
10 that has been engineered between the T-helper and CTL epitope. 

SEQ ID No: 175 relates to a synthetic peptide comprising a T-helper epitope from 
canine distemper virus (CDV-F; SEQ ID NO: 20) that is active in dogs. mice, and 
humans and an immunodominant CTL epitope from a Listeria monocytogenes 
IS antigen (i.e. SEQ ID NO: 172) wherein the intemal lysine residues that provide 
possible lipid attachment sites at its epsilon-amino group are indicated in bold 
type. Preferably, the lipid is attached via K18 In SEQ ID NO: 176 which is an 
additional intemal lysine residue that has been engineered between the T-helper 
and CTL epitope. 

20 

SEQ ID No: 177 relates to a synthetic peptide comprising a T-helper epitope from 
canine distemper virus (CDV-F; SEQ ID NO: 20) that is active in dogs, mice, and 
humans and an immunodominant CTL epitope from the core protein of hepatitis C 
virus (SEQ ID NO: 176) wherein the intemal lysine residues that provide possible 
25 lipid attachment sites at its epsilon-amino group are indicated in bold type. 
Preferably, the lipid is attached via K18°in SEQ ID NO: 177. 

. The skilled artisan will readily be able to synthesize additional polypeptide 
moieties to those exemplified herein for use in the subject lipopeptides, by 
30 substituting the T-helpier epitope and/or the CTL epitope of anyone of SEQ ID 
Nos: 3-1 3, 1 74, 1 75 or 177 with another T-helper epitope or CTL epitope, such as. 
for example a T-helper epitope set forth in any one of SEQ ID Nos: 14-52. or a 
CTL epitope set forth In any orie of SEQ ID Nos: 53-173 or 176. Moreover, the 
selection of appropriate T-helper epitope and CTL combinations will be apparent 
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to the skilled artisan from the disclosure provided herein, according to the target 
species and the CTL epitope against which an immune response is sought. 

The amino acid sequences of the polypeptide moities described herein, including 
5 those exemplified polypeptides set forth in SEQ ID Nos: 3-13, 174, 175 and 177 
may be modified for particular purposes according to methods well known to 
those of skill in the art without adversely affecting their immune function. For 
example, particular peptide residues may be derivatized or chemically modified in 
order to enhance the immune response or to permit coupling of the peptide to 
10 other agents, particularly lipids. It also is possible to change particular amino 
acids within the peptides without disturbing the overall structure or CTL 
immunogenicity of the peptide. Such changes are therefore termed "conservative" 
changes and tend to rely on the hydrophllicity or polarity of the residue. The size 
and/or charge of the side chains also are relevant factors in determining which 
15 substitutions are conservative. 

It is well understood by the skilled artisan that, inherent in the definition of a 
biologically functional equivalent protein or pejDtide, is the concept that there is a 
limit to the number of changes that may be made within a defined portion of the 

20 molecule and still result in a molecule with an acceptable level of equivalent 
biological activity. Biologically functional equivalent peptides are thus defined 
herein as those peptides in which specific amino acids may be substituted. 
Particular embodiments encompass variants that have one, two, three, four, five 
or more variations in the amino acid sequence of the peptide. Of course, a 

25 plurality of distinct proteins/peptides with different substitutions may easily be 
made and used in accordance with the invention. 

Those skilled in the art are well aware that^the following substitutions are 
permissible conservative substitutions (i) substitutions involving ariginine. lysine 
30 and histidine; (ii) substitutions involving alanine, glycine and serine; and (ill) 
substitutions involving phenylalanine, tryptophan and tyrosine. Peptides 
Incorporating such conservative substitutions are defined herein as biologically 
functional equivalents. 
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The importance of the hydropathic amino acid index In confening Interactive 
biological function.on a protein Is generally understood in the art (Kyte & Doolittle, 
J. MoL Biol. 157, 105-132, 1982). It is known that certain amino acids may be 
substituted for other amino acids having a similar hydropathic index or score and 

5 still retain a similar biological actlvity.The hydropathic index of amino acids also 
may be considered In detenmining a conservative substitution that produces a 
functionally equivalent molecule. Each amino acid has been assigned a 
hydropathic index on the basis of their hydrophobicity and charge characteristics, 
as follows: isoleucine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8); 

10 cysteine/cystine (+2.5); methionine (+1 .9); alanine (+1 .8); glycine (-0.4); threonine 
(-0.7); serine (-0.8); tryptophan (-0.9); tyrosine (-1.3); proline (-1.6); histidine (- 
3.2); glutamate (-3.5); glutamlne (-3.5); aspartate (-3.5); asparagine (-3.5); lysine 
(-3.9); and arglnlne (-4.5). In making changes based upon the hydropathic index, 
the substitution of amino acids whosiB hydropatiilc Indices are within .+/- 0.2 is 

15 preferred. More preferably, the substitution will Involve amino acids haying 
hydropathic Indices within +/- 0.1, and more preferably within about +/- 0.05. 

It is also understood in the art that the substitution of like amino acids Is made 
effectively on the basis of hydrophlllcity, particularly where the biological functional 

20 equivalent protein or peptide thereby created is intended for use in Immunological 
embodiments, as in the presient case (e.g. US Patent No. 4,554,101). As detailed 
In US Patent No. 4,554,101, the following hydrophiliclty values have been 
assigned to amino acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 +/- 
0.1); glutamate (+3.0 +/- 0.1); serine (+0.3); asparagine (+0.2); glutamlne (+0.2); 

25 glycine (0); threonine (-0.4); proline (-0.5 +/- 0.1); alanine (-0.5); histidine (-0.5); 
cysteine (-1 .0); methionine (-1.3); valine (-1.5); leucine (-1.8); Isoleucine (-1.8); 
tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4). In making changes based 
upon similar hydrophiliclty values, it is preferred to substitute amino acids having 
hydrophlllcity values "within about . +/- 0!2 of each other, more preferably within 

30 about +/- 0.1 , and even more preferably within about +/- 0.05. 

Having identified peptides suitable for use as Immunogens, it also Is contemplated 
that other sterically similar compounds may be fonnulated to mimic the key 
portions of the peptide stmcture. Such compounds, which may be temied 
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peptidomimetics, may be used in the same manner as the peptides of the 
invention and hence are also flinctionai equivalents. The generation of a structural 
functional equivalent may be achieved by the techniques of modeling arid 
chemical design loiown to those of skill in the art. It will be understood that all 
5 such sterically similar constructs fall within the scope of the present invention. 

Another method for detennining the "equivalence" of modified peptides involves a 
functional approach. For example, a suitable variant peptide will comprise an 
amino acid sequence that interacts at a significant level with a MHC Class I allele 

10 as determined using a predictive algorithm for determining MHC Class l-binding 
epitopes, such as, for example, the SYFPEITHI algorithm of the University of 
Tuebingen, Germany, or the algorithm of the HLA Peptide Binding Predictions 
program of the Biolnfomnatics and Molecular Analysis Section (BIMAS) of the 
National Institutes of Health of the Government of the United States of America. 

IS Such variant sequences will also bind to and/or stabilize an MHC Class I molecule 
on the surface of an APC (eg in the PBMC fraction or buffy coat fraction of serum) 
and/or will induce a memory CTL response or elicit IFN-y production and/or will 
stimulate CTL activity in a standard cytotoxicity assay. The detemiinatldn of such 
functionalities is readily achievable by those skilled in the art. 

20 

The polypeptide moiety of the ilpopeptide is readily synthesized using standard 
techniques, such as the Menifield method of synthesis (Merrifield, J Am Chem 
Soc, 86,:21 49-21 54, 1963) and the myriad of available improvements on that 
technology (see e.g., Synthetic Peptides: A User's Guide, Grant, e^. (1992) W.H. 

25 freeman & Co., New Yori<, pp. 382; Jones (1994) The Chemical Synthesis of 
Peptides, Clarendon Press, Oxford, pp. 230.); Barany, G. and Menifield, R.B. 
(1979) In The Peptides (Gross, E. and Meienhofer, J. eds.), vol. 2, pp. 1-284, 
Academic Press, New"Yori<; Wunsch, E., ed. (1974) Synthese von Peptiden in 
Houben-Weyis Methoden der Organischen Ciiemie (Muler, E„ ed.), vol. 15, 4th 

30 edn., Parts 1 and 2, Thieme, Stuttgart; Bodanszky, M. (1984) Prindpies of Peptide 
Syntiiesls, Springer-Veriag, Heidelberg; Bodanszky, M. & Bodanszky, A. (1984) 
7/76 Practice of Peptide Syntiiesis, Springer-Verlag, Heidelberg; Bodanszky, M. 
(1 985) int. J. Peptide Protein Res. 25, 449-474. 
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The lipid moiety may comprise aijy C2 to C30 saturated, monounsaturated, or 
polyunsaturated linear or branched fatty acyl group, and preferably a fatty acid 
group selected from the group consisting of: palmitoyi, myristoyi, steanoyl, lauroyi, 
octanoyi and decanoyl. Lipoamino acids , are particulariy preferred lipid moieties 
5 within the present context. As used herein, the term "lipoamino acid" refers to a 
molecule comprising one or two or three or more lipids covalently attached to an 
amino acid residue, such as, for example, cysteine or serine, lysine or an analog 
thereof. In a particularly preferred embodiment, the lipoamino acid comprises 
cysteine and optionally, one or two or more serine residues. 

10 

The structure of the lipid moiety is not essential to activity of the resulting 
lipopeptide and, as exemplified herein/ palmitic acid and/or cholesterol and/or 
PamiCys and/or Pam2Cys and/or PamaCys can be used. The present invention 
clearly contemplates a range of other lipid moieties for use in the lipopeptides, 
15 such as, for example, lauric acid, stearic acid or octanoic acid, without loss of 
Immunogenicity. Accordingly, the present invention is not to be limited by the 
structure of the lipid moiety, unless specified otherwise, or the context requires 
otherwise. 

20 Similariy, the present invention is not to be limited by a requirement for a single 
lipid moiety unless specified otherwise or the context requires otherwise. The 
additon of multiple lipid moieties to the peptide moiety, such as, for example, to a 
position within the T-helper epitope, and to a position between the T-helper 
epitope and the B-cell epitope, is cleariy contemplated. 

25 . 

The lipid moiety is preferably a compound having a structure of General 
Formula (VII): 



30 
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Rl NH CH COOH 

J 

(CH2)m 



(CH2)„ 
R2-^ — CH 

I 

R3 CH2 

10 wherein: 

(i) X is selected from the group consisting of sulfur, oxygen, disulfide (-S-S-), 
and methylene (-CH2-), and amino (-NH-); 

(ii) m Is an integer being 1 or 2; 

(iii) n is an integer from 0 to 5; 

15 (iv) Ri is selected from the group consisting of hydrogen, carbonyl (-CO-), and 
R'-CO- wherein R' is selected from the group consisting of alky! having 7 to 
25 carbon atoms, alkenyl having 7 to 25 carbon atoms, and alkynyl having 
7 to 25 carbon atoms, wherein said alkyi, alkenyl or alkynyl group is 
optionally substituted by a hydroxy!, amino, 0x0, acyl, or cycloalkyi group; 

20 (v) R2 is selected from the group consisting of R'-CO-O-, R -0-, R -0-C0-; 

R'-NH-CO-, and R'-CO-NH-, wherein R' is selected from the group 
consisting of alkyl having 7 to 25 carbon atoms, alkenyl having 7 to 25 
carbon atoms, and alkynyl having 7 to 25 carbon atoms, wherein said alkyl, 
alkenyl or alkynyl group is optionally substituted by a hydroxyl, aminp, 0x0, 

25 acyl, or cycloalkyi group; and 

(vi) R3 is selected from the group consisting of R'-CO-O-, R'-O-, R'-O-CO-, 

R'-NH-CO-, and R-CO-NH-, wherein R' is selected from the group 
consisting of alkyl having 7 to 25 carbon atoms, alkenyl having 7 to 25 
carbon atoms, and alkynyl having 7 to 25 carbon atoms, wherein said alkyl, 

30 alkenyl or alkynyl group Is optionally substituted by a hydroxyl, amino, 0x0, 

acyl, or cycloalkyi group 
and wherein each of Ri, R2 and R3 are the same or different. 
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Depending upon the substituent, the lipid moiety of general structure V may be a 
chlral molecule, wherein the carbon atoms directly or Indirectly covaiently bound 
to integers Ri and R2 are asymmetric dextrorotatory or levorotatory (I.e. an R or S) 
configuration. 

5 

Preferably, X is suiflin m and n are both 1; Ri is selected from the group 
consisting of hydrogen, and R'-CO-, wherein R' is an alkyi group having 7 to 25 
carbon atoms; and R2 and R3 are sielected from the group consisting of R'-CO-O-, 
R'-O-, R'-O-CO-, R'-NH-CO-, and R'-CO-NH-, wherein R' is an alkyI group having 
10 7 to 25 carbon atoms. 

Preferably, R' is selected from the group consisting of: palmitoyi, myristoyi, 
stearoyi and decanoyl. More preferably, R' is palmitoyi. 

IS Each Integer R' in said lipid moiety may be the same or different. 

In a particularly preferred embodiment, X is sulfun m and n are both 1; Ri is 
hydrogen or R'-CO- wherein R' Is palmitoyi; and R2 and R3 are each R'-CO-O- 
wherein R' is palmitoyi. These particularly preferred compounds are shown by 
20 Formula (I) and Formula (11) supra. 

The lipid moiety can also have the following General Fomnula (VIII): 

25 

wherein: 

(i) R4 is selected from the group consisting of: (I) an alpha-acyl-fatty add 
residue consisting of between about 7 and about 25 carbon atoms; (II) an 
alpha-alkyl-beta-hydroxy-fatty acid residue; (iii) a beta-hydroxy ester of an 

30 alpha-alkyl-beta-hydroxy-fatty acid residue wherein the ester group is 

preferably a straight chain or branched chain comprising more than 8 
carbon atoms; and (iv) a lipoamino acid residue; and 

(ii) Rs is hydrogen or the side chain of an amino acid residue. 
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Preferably, R4 consists of between about 10 and about 20 carbon atoms, and 
more preferably between about 14 and about 18 carbon atoms. 

Optionally, wherein R4 is a lipoamino acid residue, the side-chain of the integers 
5 1^ and R5 can fomri a covalent linlcage. For example, wherein R4 comprises an 
amino acid selected from the group consisting of lysine, ornithine, glutamic acid, 
aspartic acid, a derivative of lysine, a derivative of omithine, a derivative of 
glutamic acid, and a derivative of aspartic acid, then the side chain of that amino 
acid or derivative is covalently attached, by virtue of an amide or ester linkage, to 
10 Rs. 

Preferably, the structure set forth in General Formula VIII is a lipid moiety selected 
from the group consisting of: N.N'-diacyllysine; N.N'-diacylomithine; 
di(monoalkyl)amlde or ester of glutamic acid; di(monoalkyl)amide or ester of 
15 aspartic acid; a N,0-diacyl derivative of serine, homoserine, or threonine; and a 
N,S-diacyl derivative of cysteine or homocysteine. 

Amphipathic molecules, particulariy those having a hydrophobicity not exceeding 
the hydrophobicity of PamaCys (Formula (I)) are also prefenred. 

20 

The lipid moieties of Fomiula (I), Fomnula (II), Fonnula (VI) or Fomiula (VIII) are 
further modified during synthesis or post-synthetically, by the addition of one or 
more spacer molecules, preferably a spacer that comprises carbon, and more 
preferably one or more amino acid residues. These are conveniently added to the 
25 lipid structure via the terminal carboxy group in a conventional condensation, 
addition, substitution, or oxidation reaction. The effect of such spacer molecules 
is to separate the lipid moiety from the polypeptide moiety and increase 
immunogenicity of the lipopeptide product. 

30 Serine dimers, trimers, tetramers, etc, are particulariy preferred for this purpose. 

Preferably, such spacers include a terminal protected amino acid residue to 
facilitate the later conjugation of the modified lipoamino acid to the polypeptide. 
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Exemplary modified lipoamino acids produced according to tliis embodiment are 
presented as Formulae (III) ahd (IV). which are readily derived from Fonnulae (I) 
and (II). respectively by the addition of a serine homodimer. As exemplified 
herein. PamaCys of Fomiula (I), or Pam2Cys of Fonmula (II) is conveniently 
synthesized as the lipoamino acids PamaCys-Ser-Ser of Formula (III), or 
Pam2Cys-Ser-Ser of Fomiula (IV) for this purpose. 

Formula (III): 



10 



20 



30 



H3C (CH2)i4— CO NH CH— CO NH CH— CO NH CH COOH 

CH2 CH2 CH2 

S OH OH 

I 

15 CH2 

H3C— {CH2)i4 CO O CH 

H3C— (CH2)i4 CO O CH2 



Fomiula (IV): 

H NH CH CO — NH CH — CO NH CH COOH 



•25 S 

CH2 

I 

H3G-(CH2),4 CO O^CH 

H3C— (CH2)i4 CO O CH2 



CH2 CH2 CH2 

OH OH 



As an altematlve to the addition of a spacer to the lipid moiety, the spacer may be 
added to the epsilon amino group of the Internal lysine residue or to the terminal 
side-chain group of a lysine analog in the polypeptide moiety, either as a short 
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peptide. such as, for example a serine homodimer, homotrimer, homotetramer, 
etc, or alternatively, by the sequential addition of amino acid residues, thereby 
producing a branched polypeptide chain. This approach takes advantage of the 
modified nature of the terminal side-chain jgroup on the internal lysine or lysine 
5 analog to achieve specificity in the addition of the spacer. Naturally, to avoid 
sequential spacer addition, the tenninal amino acid residue of the spacer should 
preferably be protected, such that de-protection can facilitate conjugation .of the 
lipid moiety to the branched polypeptide. 

10 Alternatively, the spacer may be added to a non-modified epsilon amino group of 
the polypeptide by conventional nucleophilic substitution reaction. However, It is 
preferred to follow this approach If the polypeptide has an amino acid sequence 
comprising a single Intemal lysine residue and a blocked N-termlnus. 

15 The lipid moiety is prepared by conventional synthetic means, such as, for 
example, the methods described in US Patent Nos. 5,700,910 and 6,024,964, or 
alternatively, the method described by WIesmuller et ai, Hoppe Seylers Zur 
Physiol. Chem. 364, 593 (1983), Zeng et ai, J. Pept Sci 2, 66 (1996). Jones ef 
al., Xenobiotica 5, 155 (1975), or Metzger et ai, Int. J. PeptProtein Res. 38, 545 

20 (1991). Those skilled in the art will be readily able to modify such methods to 
achieve the synthesis of a desired lipid for use conjugation to a polypeptide. 



Combinations of different lipids are also contemplated for use in the lipopeptides 
of the invention. For example, one or two myristoyl-containing lipids or lipoamino 
25 acids are attached via intemal lysine or lysine analog residues to the polypeptide 
moiety, optionally separated finom the polypeptide by a spacer, with one or two 
palmltoyi-containing lipid or lipoamino acid molecules attached to carboxy terminal 
lysine amino acid residues. Other combinations are not excluded. 

30 The lipopeptides of the Invention are readily modified for diagnostic purposes. For 
example, it is modified by addition of a natural or synthetic hapten, an antibiotic, 
hormone, steroid, nucleoside, nucleotide, nucleic acid, an enzyme, enzyme 
substrate, an enzyme inhibitor, biotin, avidin, polyethylene glycol, a peptldic 
polypeptide moiety (e.g. tuftsin, polylysine), a fluorescence marker (e.g. FITC, 
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RITC, dansyl, luminol or coumarin), a bioluminescence marker, a spin label, an 
alkaloid, biogenic amine, vitamin, toxin (e.g. digoxin, phalloidin,. amanltin, 
tetrodotoxin). or a complex-forming agent. 

5 As exemplified herein, highly immunogenic lipopeptldes capable of inducing CTL 
responses are provided, said lipopeptides comprising PamsCys of Fomnula (I), or 
PamaCys of Formula (II) conjugated via the epsilon amino group of a lysine 
residue positioned between the CD4* T-helper epitope and a CDS* CTL epitope. 

Preparation of lipopeptides 

A second aspect of the invention provides a method of producing a lipopeptide 
comprising: 

(i) producing a polypeptide comprising an amino acid sequence that 
comprises: 

(a) the amino acid sequence of a T helper cell (Th) epitope and the 
amino acid sequence of a CTL epitope, wherein said amino acid 
sequences are different; and 

(b) one or more internal lysine residues or internal lysine analog 
residues; and 

(iii) covalently attaching each of said one or more lipid moieties directly or 
indirectly to an epsilon-amino group of said one or more Intemal lysine 
residues or to the terminal side-chain group of said one or more intemal 
lysine analog residues so as to produce a lipopeptide having the lipid 
moiety attached to the epsilon amino group of said intemal lysine residue 
or having the lipid moiety attached, to the terminal side-chain group of said 
intemal lysine analog residue. 

Preferably, the method further comprises production of the lipid moiety. 

30 Conventional chemical syntheses referred to herein are the preferred means for 
producing the polypeptide moiety and the lipid moiety. 

Preferably, the intemal lysine or lysine analog is modified by selective removal of 
a blocking group (eg: Mtt) from the temninal side-chain group so as to perniit the 



15 



20 
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addltion of an amino acid residue, a spacer or lipid moiety, including a lipoamino 
acid, at that position. 

For attachimeht of the lipid to the polypeptide, it is convenient for the functional 
5 groups of the polypeptide to be protected in a manner known in the art of peptide 
synthesis, to ensure that no undesirable reactions at those groups takes place at 
a significant reaction rate. 

By known coupling processes, the polypeptide is synthesized on a solid or soluble 
10 earner, such as a polymer (for example Menifield resin) and made available for 
conjugation to a spacer, amino acid, or lipid. For example, the temfiinal side chain 
group of the lysine or lysine analog (eg. epsilon amino group of the internal lysine) 
is protected by one of a number of . protecting groups. Blocking groups (also 
called protecting groups or masking groups) are used to protect the amino group 
15 of the amino acid having ah activated carboxyl group that is involved in the 
coupling roaction^ or to protect the carboxyl group of the amino acid having an 
acylated amino group that Is involved In the coupling reaction. For coupling to 
occur, a blocking group must be removed without disrupting a peptide bond, or 
any protecting group attached to another part of the peptide. 

20 

For solid phase peptide synthesis, blocking groups that are stable to the repeated 
treatments necessary for removal of the amino blocking group of the growing 
peptide chain and for repeated amino acid couplings, are used for protecting the 
amino acid side-chains. Additionally, the peptide-resin anchorage that protects 
25 the .C-tenninus of the peptide must be protected throughout the synthetic process 
until cleavage from the resin is required. Accordingly, by the judicious selection of 
orthogonally protected alpha-amino acids, lipids and/or amino acids are added at 
desired locations to a growing peptide whilst rt is still attached to the resin. 

30 Preferred amino blocking groups are easily removable but sufRclently stable to 
survive conditions for the coupling reaction and other manipulations, such as, for 
example, modifications to the side-chain groups. Prefemed amino blocking 
groups are sleeted from the group consisting of: (i) a benzyloxycarbonyl group (Z 
or carbobenzoxy) that is removed easily by catalytic hydrogenatlon at room 
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temperature and ordinary pressure, or using sodium in liquid ammonia and 
hydrobromic acid in acetic acid; (ii) a t-Butoxycarbonyl group (Boc) that is 
introduced using t-butoxycarbonyi azide or di-tert-butyldicarbonate and removed 
using mild acid sucli as, 'for exampie, trifluoroacetic acid (50% TFA in 
5 diclilorometliane), or HCI in acetic acid/dioxane/ethylacetate; (iii) a 9- 
fluorenylmethyloxycarbonyl group (Fmoc) tliat is cleaved under mildly basic, non- 
hydrolytic conditions, such as, for example, using a primary or secondary amine 
(eg. 20% piperidine in dimethyl formamide); (iv) a 2-(4-biphenylyl) 
propyl(2)oxycarbonyl group (Bpoc); (v) a 2-nitro-phenylsulfenyl group (Nps); and 
(vl) a dithia-succionyl group (Dts). 

Side chain-protecting groups will vary for the functional side chains of the amino 
acids forming the peptide being synthesized. Side-chain protecting groups are 
generally based on the Bzl group or the tBu group. Amino acids having alcohols 
or carboxylic acids in the side-chain are protected as Bzl ethers, Bzl esters, cHex 
esters, tBu ethers, or tBu esters. Side-chain protection of Fmoc amino acids 
requires blocking groups that are ideally base stable and weak acid (TFA) labile. 
For example, the epsilon-amino group of Lysine is protected using Mtt (eg. Fmoc- 
lysine(l\/ltt)-OH). Alternatively, a halogenated benzyl derivative such as CIZ is 
used to protect the lysine side chain should enhanced acid stability be required. 
The thiol group of Cystine, the imidazole of Histldine, or guanidino group of 
Arginine, generally require specialised protection. Many different protecting 
groups for peptide synthesis have been described (see The Peptides, Gross et al. 
eds., yol. 3, Academic Press, New York, 1981), 

The two most widely used protection strategies are the Boc/Bzl- and the 
Fmoc/tBu-strategies. in Boc/Bzl, Boc is used for annino protection and the side- 
' .chains of. the various amino acids are protected using Bzl- or cHex-based 
protecting groups. A Boc group is stable under catalytic hydrogenation conditions 
and is used orthogonally along with a Z group for protection of many side chain 
groups. In Fmoc/tBu, Fmoc is used for amino protection and the side-chains are 
protected with tBu-based protecting groups. 
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Peptldes are lipidated by methods well-known in the art. Standard condensation, 
addition, substitution or oxidation (e.g. disulfide bridge fonnation or amide bond 
fomiation between a terminal amino group on the internal lysine or lysine analog 
with the carboxy terminal group of an incoming amino add or peptide or lipoamino 
5 acid) reactions result in the addition of lipid to the polypeptide. 

In an aitemative embodiment, a peptide of the present Invention for use as an 
immunogen is produced by chemoselective ligation or chemical conjugation or 
oxime chemistry. Such methods are well-l<nown in the art, and allow for the 

10 individual peptide components to be produced by chemical or recombinant 
means, followed by their chemoselective ligation in an appropriate configuration or 
confomiatlon or otxier (eg. Nardin et ai, Vaccine 16, 590 (1998); Nardin et at., J 
Immunol. 166. 481 (2001); Rose et ah, Mol. Immunol. 32, 1031 (1995); Rose et 
al., Bloconjug. Chem 7, 552 (1996); and Zeng et ai, Vaccine 18, 1031 (2000), 

15 which are Incorporated herein by reference). 

Lipopeptlde formulations 

The lipopeptlde is coveniently fonnulated in a phanmaceutlcally acceptable 
excipient or diluent, such as, for exanriple, an aqueous solvent, non-aqueous 

20 solvent, non-toxic excipient, such as a salt, preservative, buffer and the like. 
Examples of non-aqueous solvents are propylene glycol, polyethylene glycol, 
vegetable oil and injectable organic esters such as ethyloleate. Aqueous solvents 
include water, alcoholic/aqueous solutions, saline solutions, parenteral vehicles 
such as sodium chloride. Ringer's dextrose, etc. Preservatives include 

25 antimicrobial, anti-oxidants, chelating agents and inert gases. The pH and exact 
concentration of the various components the phamiaceutical composition are 
adjusted acconjing to routine skills In the art. 

The addition of an e)Ctrinsic adjuvant to the lipopeptlde fomiulatlon. although 
30 generally not required, Is also encompassed by the Invention. Such extrinsic 
adjuvants include all acceptable Immunostlmulatory compounds such as, for 
example, a cytokine, toxin, or synthetic composition. Exemplary adjuvants include 
IL-1, IL-2, BCG, aluminum hydroxide, N-acetyl-muramyl-L-threonyl-D- 
Isoglutamine (thur-MDP). N-acetyl-nor-muramyl-L-alanyl-D-isoglutamine (CGP 
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il 637, referred to as nor-MDP), N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L- 
alanlne-2-<1 -2'-dlpalmitoyl-sn-glycerD-3-hydroxyphosphoryloxy)-ethylamlne 
(CGP) 1983A, .referred to as MTP-PE), lipid A, MPL and RIBI, which contains 
three components extracted from bacteria, monophosphoryl lipid A, trehalose 
5 dimycolate and cell wall si<eleton (ly/IPL+TDM+CWS) in a 2% squalene/Tween 80 
emulsion. 

It may be desirable to co-administer biologic response modifiers (BRIVI) with the 
lipopeptide. to down regulate suppressor T cell activity. Exemplary BRM's include, 
10 but are not limited to. Cimetidine (CIM; 1200 mg/d) (Smith/Kline. PA, USA): 
Indomethacin (IND; 150 mg/d) (Lederle. NJ, USA); or low-dose 
Cyclophosphamide (CYP; 75, 150 or 300 mg/m.sup.2) (Johnson/Mead, NJ, USA), 



15 . Use of the lipopeptide in immunization 

The novel lipopeptldes of the invention differ in essential aspects from known 
lipopeptide conjugates of CTL epitopes in having the lipid moiety conjugated 
exclusively through the tenminal side-chain group of an Internal lysine or lysine 
analog residue, thereby enhancing T cell responses without the administration of 

20 additional adjuvant. Accordingly, a particular utility of the lipopeptldes of the 
present invention is in the fields of eliciting a T cell response either in vivo or ex 
vivo, synthetic vaccine preparation, diagnostic methods employing T cells, and 
immunotherapy for veterinary and human medicine. 

25 IVIore particulariy, the lipopeptide of the present invention enhances CTL memory 
resp'onses against the CTL epitope moiety when administered to an animal 
subject, without any requirement for an adjuvant to achieve a similar level of CTL 
activation. In addition, enhanced maturation of dendritic cells and other biological 
effects which Include Induction of FN^ producing CD8+ cells as well as viral, 

30 bacterial and tumour cell clearance have been observed following administration 
of vaccine. 

Accordingly, a further aspect of the invention provides a method of enhancing cell 
mediated Immunity against the organism from which the CTL epitope is derived in 
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a subject comprising administering the lipopeptide of the invention or a derivative 
or a functionally equivalent variant of said lipopeptide or a vaccine composition 
comprising said lipopeptide or variant or derivative for a time anpi under conditions 
sufficient to activate a GTL and/or a CTL precursor of said subject. 

5 

By "CTL precursor^ is meant a naive T cell (le. a T cell that expresses one or more 
T cell receptors on its surface and is capable of proliferating and differentiating 
Into a memory T cell or effector T cell). 

10 Preferably, the lipopeptide or vaccine is administered prophylactically to a subject 
not harboring a latent or active infection by a parasite, bacterium or virus or 
suffering from a cancer or administered therapeutically to a subject harboring a 
latent or active infection by a parasite, bacteria or Virus or suffering from a cancer. 
In the present context, the term "activate" means that the ability of a T cell to 

15 recognize and lyse a cell harboring an antigen from which the CTL epitope is 
derived Is enhanced, or that the ability of a T cell to recognize a T cell epitope of 
said antigen is enhanced, either transientiy or in a sustained manner. The term 
"activate" shall also be taken to include a reactivation of a T cell population 
following activation of a latent infection by a parasite or bacteria or virus, or 

20 following re-Infection with a parasite or bacteria or virus, or following immunization 
of a previously-infected subject with a lipopeptide or composition of the invention. 

Those skilled in the art are aware that optimum T cell activation requires cognate 
recognition of antigen/l\/IHC by the T cell receptor (TcR), and a co-stimulation 
25 involving the ligation of a variety of cell surface molecules on the T cell with those 
on an antigen presentirig cell (APC). The costimulatory interactions CD28/B7, 
CD40L/CD40 and OX40/OX40L are prefen^ed, but not essential for T cell 
activation. Other costimulation pathways may operate. 

30 For determining the activation of a CTL or precursor CTL or the level of epitope- 
specific activity, standard methods for assaying the number of CD8^ T cells in a 
specimen can be used. Preferred assay formats include a cytotoxicity assay, 
such as for example the standard chromium release assay, the assay for IFN-y 
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production, such as, for example, the ELISPOT assay. These assay formats are 
described in detail in the accompanying examples. 



• MHC class '1 Tetramer assays can also be utilized, particularly for CTL.epitope- 
5 specific quantitation of CDS* T cells (Altman et al., Science 274, 94-96, 1 996; Ogg 
etal.. Curr Opin Immunol. 10, 393-396, 1998). To produce tetramers, the carboxyl 
terminus of an IVIHC molecule, such as, for example, the HLA A2 heavy chain, is 
associated with a specific peptide epitope or polyepitope, and treated so as to 
form a tetramer complex having bound"%T*eto a suitable reporter molecule, 
10 preferably a fluorochrome such as, for example, fluoroscein isothiocyanate 
(FITC), phycoerythrin, phycocyanin or allophycpcyanin. Tetramer formation is 
achieved, for example, by producing the MHC-peptide fusion protein as a 
biotinylated molecule and then mixing the biotinylated MHC-peptide vyith 
deglycosylated avidin that has been labeled with a fluorophore, at a molar ratio of 
15 4:1. The Tetramers produced bind to a distinct set of CDS* T cell receptors 
(TcRs) on a subset of CDS* T cells derived from the subject (eg in whole blood or 
a PBMC sample), to which the peptide is HLA restricted. There is no requirement 
for in vitro T cell activation or expansion. Following binding, and washing of the T 
cells to remove unbound or non-specifically bound Tetramer, the number of CDS* 
20 cells binding specifically to the HLA-peptlde Tetramer is readily quantified by 
standard flow cytometry methods, such as, for example, using a FACSCalibur 
Flow cytometer (Becton Dickinson). The Tetramers can also be attached to 
paramagnetic particles or magnetic beads to facilitate removal of non-specifically 
bound reporter and cell sorting. Such particles are readily available from 
25 commercial sources (eg. Becl<man Coulter, Inc., San Diego, CA, USA) Tetramer 
staining does not l^ill the labeled cells; therefore cell integrity is maintained for 
further analysis. MHC Tetramers enable the accurate quantitative analyses of 
specific cellular immune responses, even for extremely rare events that occur at 
less than 1% of CDS*T cells (Bodlnier et al.. Nature Med. 6, 707-710, 2000; Ogg 
30 et al., Curr Opin Immunol. 10, 393-396, 199S). 

The total number of CDS* cells in a sample can also be detemiined readily, such 
as, for example, by incubating the sample with a monoclonal antibody against 
CDS conjugated to a different reporter molecule to that used for detecting, the 
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Tetramer. Such antibodies are readily available (eg. Becton Dickinson). The 
relative intensities of the signals from the two reporter molecules used allows 
quantification pf both .the total nunlber of CDSt^lls arid Tetramer-bound T cells 
and a determination Qf the proportion of total T cells bound to the Tetrarher. 

5 

Because CD4* T-helper cells function in CMI as producers of cytokines, such as, 
for example IL-2, to facilitate the expansion of CDS* T cells or to interact with the 
APC thereby rendering it more competent to activate CDS* T cells, cytokine 
production is an indirect measure of T cell activation. Accordingly, cytokine 
10 assays can also be used to determine the activation of a CTL or precursor GTL or 
the level of cell mediated immunity in a human subject. In sucii assays, a 
cytokine such as, for example, IL-2, is detected or production of a cytokine is 
determined as an indicator of the level of epitope-specific reactive T ceils. 

15 Preferably, the cytokine assay format used for determining the level of a cytokine 
or cytokine production is essentially as described by Petrovsky and Harrison, J. 
Immunol. Methods 186, 37-46, 1995, which assay reference is incoiporated 
herein. 

20 Preferably, the cytokine assay, is performed on whole blood or PBMC or buffy 
coat. 

Preferably, the ilpopeptide or derivative or variant or vaccine composition is 
administered for a time and under conditions sufficient to elicit or enhance the 
25 expansion of CDS* T cells. 

still more preferably, the lipopeptide or derivative or variant or vaccine 
composition is administered for a time and under, conditions sufficient for ceil 
medi.ated immun.ity (CMI) to be enlianced in the. subject! 

30 

By "CMI." is meant that the activated and cionally expanded CTLs are MHC- 
restricted and specific for a CTL epitope. CTLs are classified based on antigen 
specificity and MHC restriction, (ie., non-specific CTLs and antigen-specific, MHC- 
restricted CTLs). Non-specific CTLs are composed of various ceil types, including 
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NK cells and can function very eariy in the immune response to decrease 
pathogen load, while antigen-specific responses are still being established. In 
contrast, MAc-restricted CTLs achieve optimal activity later than non-specific 
CTL, generally before antibody, production. Antigen-spedfic.CTLs inhibit or reduce 
5 the spread of a pathogen and preferably temninate infection. 

CTL activation, clonal expansion, or CM! can be induced systemically or 
compartmentally localized. In the case of compartmentally localized effects, it Is 
prefen-ed to utilize a vaccine composition suitably fomnulated for administration to 
10 that compartment. On the other hand, there are no such stringent requirements 
for inducing CTL activation, expansion or CM\ systemically in the subject. 

The effective amount of lipopeptide to be administered, either solus or In a 
vaccine composition to elicit CTL activation, clonal expansion or CMI will vary. 
15 depending upon, the nature of the immunogenic epitope, the route of 
administration, the weight, age, sex, or general health of the subject immunized, 
and the nature of the CTL response sought. All such variables are empirically 
determined by art-recognized means. 

20 The lipopeptide, optionally formulated with any suitable or desired canier. 
adjuvant, BRM, or pharmaceuticaliy acceptable excipient. Is conveniently 
administered in the fomn of an injectable composition. Injection may be intranasal, 
intramuscular, sub-cutaneous, intravenous, intrademial, intraperitoneal, or by 
other known route. For Intravenous injection, it is desirable to include one or more 

25 fluid and nutrient repienlshere. 

The optimum dose to be administered and the prefenred route for administration 
are established using animal models, ^such as, for example, by injecting a mouse, 
rat, rabbit, guinea pig, dog, horse, cow, goat or pig, with a fonmulation comprising 
30 the lipopeptide, and then monitoring the CTL immune response using any 
conventional assay. 

The use of HLA A2/K'' transgenic mice carrying a chimeric human-mouse Class I 
major histocompatibility complex (MHC) locus composed of the a1 and (x2 
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domalns of the human HLA A*0201 allele and the a3 domain of the mouse H-2K^ 
Class I molecules (Vltlello et al.. J. Exp. Med. 173, 1007. 1991) is particulariy 
preferred for testing respons^s in vivo to a lipopeptide of the . invenition that 
comprises a HLA A2-restnctedCTL epitope or a vafelne composition comprising 
s same. 

Without being bound by any theory or mode of action, we believe that the 
biological effects of the lipopeptides are exerted through their abil'ity to stimulate 
and mature dendritic cells. It is the dendritic cells which then activate CD4+ and 
10 CD8+ T cells in the draining lymph nodes. For this reason, we would not nor 
would it be possible to activate T cells directly as envisaged. The following 
section has therefore been modified accordingly to accommodate the notion of 
dendritic cell activation. ^. 

15 In a related embodiment, the invention provides a method of enhancing the cell 
mediated immunity of a subject, said method comprising contacting ex vivo cells, 
preferably dendritic cells, obtained from a subject with an immunologically active 
lipopeptide of the Invention or a derivative or variant thereof or a vaccine 
composition comprising said lipopeptide or derivative or variant for a time and 

20 under conditions sufficient to mature said dendritic cells. Said dendritic cells are 
then capable of conferring epitope specific activation of T cells. 

In a prefen-ed embodiment, the invention provides a method of enhancing the cell 

mediated immunity of a subject, said method comprising: 
25 (1) contacting ex vivo dendritic cells obtained from a subject with an 
Immunologically active lipopeptide of the Invention or a derivative or variant 
thereof or a vaccine composition comprising said lipopeptide or derivative 
or variant ibr a time and under conditions sufficient to mature said dendritic 
cells; and 

30 (ii) introducing the activated dendritic cells autologously to the subject or 
syngeneically to another subject in order that T cell activation occurs. 



The T cell may be a CTL or CTL precursor cell. 
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The subject from whom the dendritic cells are obtained may t>e the same subject 
or a different subject to the subject being treated. The subject being treated can 
. be any subject carrying a latent or. adtiye infection by a pathogen, such as; for 
example, a parasite, bacterium or vlftis or a sCibjecf who is othenwise in need of . 
5 obtaining vaccination against such a pathogen or desirous of obtaining such 
vaccination. The subject being treated may also be treated for a tumour that they 
are carrying. 

By "epitope specific activity" is meant that the T cell is rendered capable of being 
activated as defined herein above (ie. the T cell will recognize and iyze a cell 
harboring a pathogen from which the CTL epitope Is derived, or is able to 
recognize a T cell epitope of an antigen of a pathogen either transiently or In a 
sustained manner). Accordingly, it Is particularly preferred for the T cell to be a 
CTL precursor which by the process of the invention Is rendered able to recognize 
and Iyze a cell harboring the pathogen or able to recognize a T ceil epitope of an 
antigen of the pathogen either transiently or in a sustained manner. 

For such an ex wVo application, the dendritic cells are preferably contained In a 
biological sample obtained from a subject, such as, for example, blood, PBMC or 
a buffy coat fraction derived therefrom. 

Another aspect of the invention provides a method of providing or enhancing 
immunity against a pathogen in an uninfected subject comprising administering to 
said subject an immunologically active llpopeptlde of the Invention or a derivative 
or variant thereof or a vaccine composition comprising said llpopeptlde or 
derivative or variant for a time and under conditions sufHclent to provide 
immunological memory against a future Infection by the pathogen. As with the 
other embodiments described herein, the pathogen may be a parasite, virus or 
bacterium, and is preferably d parasite, virus or bacterium refen-ed to herein 
above frorti which a CTL epitope has been identified. 

In a related embodiment, the Invention provides a method of enhancing or 
confem'ng immunity against a pathogen in an uninfected subject comprising 
contacting ex vivo dendritic cells obtained from said subject with an 
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immunoiogicaliy active lipopeptide of the invention or a derivative or variant 
thereof or a vaccine composition comprising said lipopeptide or derivative or 
variant for a time |ind under conditions sufficient to confer epitope specific activrty 
on T cells. 

s 

Accordingly, this aspect of the invention provides for the administration of a 
prophylactic vaccine to the subject, wherein the active substituent of said vaccine 
(i.e. the lipopeptide of the invention) induces immunological memory via memory 
T cells In an uninfected individual. The preferred embodiments of vaccination 
10 protocols described herein for enhancing the cell mediated immunity of a subject 
apply mutatis mutandis to the induction of immunological memory against the 
pathogen in a subject. 

The present invention Is further described with reference to the following non- 
15 limiting examples and the drawings. The examples provided herein in mice are 
accepted models for equivalent diseases in humans and the skilled person will 
readily be capable of extending the findings presented herein for such models to a 
human disease context without undue experimentation. 

20 EXAMPLE 1 

Materials and Methods 

Cfiemicals 

Unless otherwise stated chemicals were of analytical grade or Its equivalent. 
N,N'-dimethylformamide (DMF), piperidine, trifluoroacetic acid (TFA), 

25 0'benzotriazole-N,N,N',N'-tetramethyluronium hexafluorophosphate (HBTU), 
l-hydroxybenzotriazole (HOBt) and diisopropylethylamine ^^(DIPEA) and 
diisopropylcarbodiimide (DIPCDI) were obtained from Auspep Pty. Ltd., 
Melbourne, Australia and Sigma-Aldrich Pty. Ltd., Castle Hill, Australia. 
0'benzotriazoIe-N,N,N',N-tetramethyluronium tetrafiuoroborate (TBTU) was 

30 obtained from Bachem, (Bachem AG, Switzeriand). Dichloromethane (DCM) and 
diethylether were from Merck Pty Ltd. (Kilsyth, Australia). Phenol and 
triisopropylsilane (TIPS) were from Aldrich (Milwauike, Wl) and 
trinitrobenzylsulphonic acid (TNBSA) and diamlnopyridine (DMAP) from Fluka; 
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1 ,8-cIiazablcyclo[5.4.0]uncleo-7-ene (DBU) was obtained from Sigma and palmitic 
acid was from Fluka. 

Viruses. . " . " 

5 The type A influenza vinjses used In this study were an H3N1 subtype vims 
refenred to as Mem 71, which was derived by genetic reassortment of 
A/iy/lemphis/l/71 (H3N2) X A/Bellamy/42 (HIN1 ). Virus was grown for 2 days in the 
allantoic cavity of 10-day embrybnated hen's eggs. Allantoic fluid containing virus 
was stored in aliquots at -70°C. Infectious virus titers were obtained by assay of 

10 plaque fbmiatlon in monolayers of Madin-Darby canine kidney (MDCK) cells 
(Tannock et al, Infect Immun. 43, 457-462, 1984; and are expressed as 
PFU/milliliter. 



IS Bacteria 

Listeria monocytogenes EGD was cultured overnight at 37'>C on Horse Blood 
Agar(HBA) plates. The bacteria were washed off the plates using sterile PBS and 
the concentration adjusted to 5 x 10® Usteria cells/ml. Balb/c mice were infected 
intravenously with 1 x 10® Usteria cells. The dose was checked retrospectively by 
20 plating serial 1 0-fold dilutions on HBA plates. 

Peptide Syntlieses 

Peptides comprising influenza virus CTL epitopes 

A panel of immunogens was synthesized that Incorporated peptides representing 
25 a minimal determinant for CD8+ T cells and/or a detenninant for CD4+ T cells, 
both from influenza virus. The peptide NP (147-155) with the sequence 
TYQRTRALV (a CTL determinant present In the NP of PR8 vims; SEQ ID NO: 2) 
is the . dominant CD8+ T-cell determinant recognized by BALB/c mice and is 
common to all type A influenza vims strains (Bodmer et al. Cell 5Z 253-258. ' 
30 1988; and Shemian et al, J. Exp. Med. 175. 1221-122(6, 1992). The peptide HA2 
(166-180), with the sequence ALNNRFQIKGVELKS (SEQ ID NO: 1), is a CD4* T- 
helper determinant present within the HA2 chain of Mem 71 Influenza vims 
hemmagglutinin elicits CD4+ T ceils that are crossreactlve with all vimses of the 
H3 subtype (Jackson etal. Virology 198, 153-170, 1994). 
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Peptides comprising L monocytogenes CTL epitopes 

An immunogehic peptide was synthesized that incorj^orated a minimal GTL 
epitope with amino acid sequence GYKDGNEYi* (residues 91-99 of the protein 
5 literialysin) from L monocytogenes (ie. SEQ ID NO: 172) and a T-helper epitope 
from CDV-F (SEQ ID NO: 20). 

Peptides comprising a CTL epitope expressed by B16-OVA tumour cell line. 
An Immunogenic peptide was synthesized that incorporated a CTL epitope with 
10 amino acid sequence SIINFEKL (SEQ ID NO: 173) and a T-helper epitope from 
CDV-F (SEQ ID NO: 20). 

Peptides comprising a CTL epitope from the core protein of hepatitis C virus. 
15 An immunogenic peptide was synthesized that incorporated a CTL epitope with 
amino acid sequence DLMGYIPLV (SEQ ID NO: 176) and a T-helper epitope 
from CDV-F (SEQ ID NO: 20). 

General procedures 

20 Synthetic immunogens were assembled by conventional solid-phase methodology 
using Fmpc chemistry. The general procedure used for the peptide synthesis has 
been described by Jackson et ai, Vaccine 18, 355 (1999). To enable lipid 
attachment between the CD4* T helper epitope and the CTL epitope, Fmoc- 
lysine(Mtt)-OH was inserted at a point between the two epitopes in the 

25 approximate centre of the resin-bound peptide. Following completion of peptide 
synthesis the l\/Itt group was. removed by continual flow washing with 1% TFA in 
dichloromethane over a period of 30-45 mins. 

30 Synthesis of lipid moieties of Formulae (0 

PamaCys was prepared according to the method described by Weismuller et aL, 
Hoppe Seyiers Z Ptiysioi Ctiem 364, 593 (1983), as modified according to the 
method described by Zeng ef aL, J Pept Sci 2, :66 (1996). The lipoamino acid 
PamsCys is coupled to the exposed epsilon-amino group of lysine according to 
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the procedure described by Zeng ef a/, (supra). Briefly, a 2-fold excess of 
PamaCys, TBTU and HOBt was dissolved In DCM and a 3-fold excess of DIPEA 
added. This sQlurtjpn was. then added to the resin-bbund j)e|5tide to generate the 
llpopeptlde. . - 

5 

Synthesis of lipid moieties of Formulae (II) 

The synthesis of PamaCys vyas adapted firorn previously described methods as 
described by Jones et al., Xenobiotica 5. 155 (1975) and Metzger et ai, Int J Pept 
10 Protein Res 38, 545 (1991), with the exception that 3-bromo-propan-1 ,2-diol was 
used instead of 3-chloro-propan-1 ,2-diol, and centrifugation and not filtration was 
used to recover the product. 

Synthesis of lipopeptldes 
15 Lipopeptldes produced In this study had the general structures shown In Figure 1 . 
Amino acid sequences of the peptide moieties Included In the various lipopeptldes 
are shown in Figure 2. PamaCys was coupled to peptides according to the 
methods described by Jones et al., Xenobiotica 5, 155 (1975) and Metzger etal., 
Int J Pept Protein Res 38, 545 (1 991 ), with the following modifications: 

20 

I. Svnthesis of S-(2.3-Dihvdroxvpropvncvsteine: 

Triethylamine (6 g, 8.2 ml, 58 mmoles) was added to L-cysteine hydrochloride (3 
9. 19 mmole) and 3-bromo-propan-1 ,2-diol (4.2 g, 2.36 ml, 27 mmole) in water 
and the homogeneous solution kept at room temperature for 3 days. The solution 

25 was reduced in vacuo at 40*'C to a white residue which was boiled with methanol 
(100ml), centrifuged and the residue dissolved in water (5ml). This aqueous 
solution was added to acetone (300ml) and the precipitate isolated by 
centrifugation. The precipitate was purified by several precipitations from water 
with acetone to give S-(2,3-dihydroxypropyl)cysteine as a white amorphous 

30 powder (2.4 g, 12.3 mmol, 64.7%). 
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II. Synthesis of N-Fluorenvlmethoxvcarbonvl-S-(2.3-dihvdroxvDroDvl)-cvste}ne 
fFmooDhc-OH): 

S-(2,3-dlhydroxypropyl)cystelne (2.45 g, 12.6 mmole) yvas dissolved In 9% sodiurn 
carbonate (20 ml). A i^lutlo.n of flgorehylmeihoxycarbQhyl-N-hydroxysuccinimlde 

5 (3.45 g, 10.5 mmole) In acetonltrile (20 ml) was added and the mixture stirred for 
2 h, then diluted with water (240 ml), and extracted with diethyl ether (25 mj x 3). 
The aqueous phase was acidified to pH 2 with concentrated hydrochloric lacid and 
was then extracted with ethyl acetate (70 ml x 3). The extract was washed with 
water (50 ml x 2) and saturated sodium chloride solution (50 ml x 2), dried over 

10 sodium sulfate and evaporated to dryness. Recrystaiisation from ether and ethyl 
acetate at -20''C yielded a colourless powder (2.8 g, 6.7 mmole, 63.8%). 

///. Coupling of Fmoc-Dhc-OH to resin-bound peptide: 

Fmoc-Dhc-OH (100mg, 0.24 mmole) was activated in DCM and DMF (1:1. v/v, 3 
15 ml) with HOBt (36 mg, 0.24 mmole) and DICI (37 ul, 0.24 mmol) at 0 "C for 5 min. 
The mixture was then added to a vessel containing the resln-bound peptide (0.04 
mmole, 0.25g amino-peptide resin). After shaking for 2 h the solution was 
removed by filtration and the resin was washed with DCM and DMF (3 x 30 ml 
each). The reaction was monitored for completion using the TNBSA test. If 
20 necessary a double coupling was performed. 

IV. Palmitovlation of the two hydroxy groups of the Fmoc-Dhc-peptide resin: 
Palmitic acid (204 mg, 0.8 mmole), DICI (154 ul, 1 mmole) and DMAP (9.76 mg, 
0.08 mmole) were dissolved in 2 ml of DCM and 1 ml of DMF. The resin-bound 
25 Fmoc-Dhc-peptide resin (0.04 mmole, 0.25 g) was suspended in this solution and 
shaken for 16 h at room temperature. The solution was removed by filtration and 
the resin was then washed with DCM and DMF thoroughly to remove any residue 
of urea. The removal of the Fmoc group was accomplished with 2.5% DBU.(2 x 
Smins). 

30 All resin-bound peptide constructs were cleaved from the solid phase support with 
reagent B (88% TFA. 5% phenol, 2% TIPS. 5% water) for 2 hr. and purified by 
reversed phase chromatography as described by Zeng et a!., Vaccine 18, 1031 
(2000). 
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Analytical reversed phase high pressure liquid chromatography (RP-HPLC) was 
carried out using a Vydac C4 column (4;6 x 300 mm) installed in a Waters" HPLC 
system and..d.9veloped at a flovy rate of 1 ml/hriin using 0.1 % TFA in H2O and 0.1 % 
TFA in CH3CN as the limit solvent. All products presented as a single major pea1< 
5 on analytical RP-HPLC and had the expected mass when analysed by MALDI- 
TOF mass spectrometry on a Bruker BIFLEX instrument equipped with delayed 
Ion extraction. 

In some cases two serine residues (Ser-Ser) were added between the peptide 
and lipid moiety in which case serine residues were added to the s-amino group of 
10 the central lysine residue before the lipid moiety was attached. 

A schematic diagram of the peptides and lipopeptldes used In this study is shown 
in Figure 1 . 

15 Immunization protocols 

Peptides comprisina influenza virus CTL epitopes 

Groups of female BALB/c mice, 6 to 8 weeks old, were inoculated at day 0 and 
again on day 28. For subcutaneous (s.c.) inoculations 9nmoles of lipopeptlde 
constaicts were prepared in 100 \i\ volume of saline per dose and non-lipidated 
20 peptides formulated as an emulsion in an equal volume of complete Freund's 
adjuvant (CFA) for the primary injection or incomplete Freund's adjuvant for the 
secondary inoculation. For intranasal (i.n.) inoculations, Qnmoles of peptide in 50 
pi of saline were applied to. the nares of mice anaesthetised with penthrane for 
inhalation. 

25 

Peptides comprisina a Ctll epitope of L. m an'ocMtoaenes 

5 BALB/c mice were Inoculated with 9nmoles of non-lipidated peptide ([P25]-Lys- 
[LL091-99]), or lipidated peptide ([P25Kys(Pam2Cys-Ser-Ser)-[LL091-99]) in 
which lipid was attached between the two epitopes at the approximate centre of 
30 the molecule, or with 1000 bacteria; In the case of peptide vaccine, Inoculation 
was subcutaneous and in the case of bacteria inoculation was intravenous. The 
number of interferon^ producing cells present in spleen was measured on day 28 
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following in vitro stimulation with the CTL epitope or no antigen. The vertical axis 
shows the number of inteiferorHy producing cells per 1 ,000,000 splenocytes. 

Peptides comptislna a CTL eoltobe ofovslbumin 
5 Each of 9 C57BL/6 mice (8-10 wks) were Immunised subcutaneously with 20 
nmoles of lipldated [P25]-Lys(Pam2Cys-Ser-SerHSIINFEKL] or non-lipidated 
[P25Hys-[SIINFEKL] peptide in 100 pi volume of saline. In the case of lipldated 
peptide, lipid was attached between the two epitopes at the approximate centre of 
the molecule. 

10 

Peptides comprising a CTL epitope of hepatitis C virus core protein 
Human monocyteHderived dendritic cells were incubated with llpopeptide [P25]- 
Lys(Pam2Cys-Ser-Ser)-[HCV] (5pg/mL) for 48 hours before staining with FITC- 
conjugated antibodies for HLA-DR, CD83 and CD86 before analysis by flow 
15 cytometry. 

Challenge of Immunized mice with Influenza virus 

Penthrane anesthetized mice previously Immunized with peptides comprising CTL 
epitopes of influenza virus were challenged Intranasally (l.n.) with 10^'® PFU of 

20 Infectious Mem 71 Influenza virus. Each mouse received 50 pi of virus in the form 
of allantoic fluid diluted In PBS. At 5 days after challenge, the mice were killed by 
cervical dislocation, and the lungs were removed and transferred aseptically to 
bottles containing 1,5 ml of Hank's balanced salt solution supplemented with 100 
U of penicillin, 100 jig of streptomycin, and 30 jxg of gentamicin per ml. Lung 

25 homogenates were prepared by using a tissue homogenizer, and the cell material 
was pelleted by centrifugation at 300 X g for 5 min. The supematants were 
removed, divided Into aliquots and stored at -70*'C until required. Titers of 
Infectious virus In the lung supernantants were determined by plaque assay on 
monolayers of MDCK cells (Tannock et al. Infect Immun. 431, 457-462, 1 984 ). 

30 

Challenge of immunized mice with L. monocytogenes . 

Mice Immunized s.c. with 9nmoI peptide immunogen or PBS, or l.v. with 1000 
bacteria, were challenged by l.v. Injection with bacteria 28 days after priming and 
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the number of colony forming units of bacteria present in the liver detecmined 28 
days after challenge. 

' " • - . - * 

Challenge of immunised mic^ wifh tumour asHs. 

5 Melanoma Challenge. 

14 days after inoculation with non-llpidated p25]-Z.ys-[SIINFEKL] or lipidated 
peptide [P25]-Lys(Pam2Cys-Ser-SerHSIINFEKL]. 6 mice from each group were 
challenged with 2x10^ melanoma cells expressing ovalbumin [B16-OVA] and 
therefore expressed the CTL epitope SlINFEKL (Bellone, at al. J. Immunol. 

10 ^65.-2651-2656). Hair around the injection site was removed with an electric 
shaver prior to Injection to facilitate measurement of the emerging tumors. 
Growing tumors were monitored, and the animals were sacrificed when tumor size 
reached 15 by 15 mm. Mean tumor area was calculated for each treatment group 
at the indicated number of days after the tumor challenge. 

15 

Lewis Lung Carcinoma Challenge. 

Mice were injected with 3x10^ Lewis Lung tumour cells that had been transfected 
with ovalbumin and therefore expressed the CTL epitope (Nelson et al., J. 
Immunol. 166: 5557-5566, 2001). Four days after receiving tumour cells, animals 

20 were inoculated with 20 nmoles of lipidated peptide [P25]-Lys(Pam2Cys-Ser-Ser)- 
[SIINFEKL], non-lipidated peptide [P25]-Lys-[SIINFEKL] or with PBS 
subcutaneously in the base of the tail. A second dose of immunogen was 
administered eleven days after receiving the tumour cells. Animals were 
monitored for tumour incidence and survival; animals were euthanased when 

25 tumour area exceeded 100 mm^ 



Tetramer staining of peptlde-speclflcCDS+T cells 

CDS* T cells specific for an Immunodominant H-2K**-restricted CTL epitope 
30 consisting of amino acid residues 147-155 of the nucleoprotein of influenza virus 
strain A/Puerto Rico/8/34 (PR8;H1N1) In the lipopeptide immunogen. as set forth 
in SEQ ID NO: 2, were identified using tetrameric complexes of the H-2K^ 
glycoprotein with bound CTL peptide (TYQRTRALV; SEQ ID NO: 2) (Bodmer et 
al, Cell 52: 253-258. 1988; Shenman et al, J. Exp. Med. 175: 1221-1226, 1992). 
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The monomer was a grft from Professor Peter Doherty, Department of 
Microbiology and Immunology, University of Melbourne and was made at St. Jude 
Children's Research Hospital. Memphis TN, USA. Tetramer was made by 
incubating the monomer wfth Streptavldin-ptiycoerythrin {Molecular Probes, 
5 Eugene, OR, USA) at a 4:1 molar ratio. 

Lymphocytes from the lung were first treated with 20 jiL of nomial mouse serum 
(NMS) for 5 mins at room temperature and then stained for 60 min with the 
tetrameric complexes at a 1:26 dilution. This was followed by staining with anti- 
10 CD8a (53-6.7) conjugated with Ailophycocyanin for 30 mins on ice and washed 
twice and analysed by a fluorescence-activated cell sorter (FACSort, Becton 
Dickinson, San Jose's, USA). The data were analysed by FlowJo (Tree Star, Inc, 
CA, USA). 

15 

T'Cell culture medium 

T-cell culture medium consisted of RPM1 1640 (CSL Ltd.) supplemented with 
10% (vol/vol) heat-Inactivated fetal calf serum, 2 mM L-glutamlne, 2 mM sodium 
pyruvate, 30 pg of gentamlcin/ml, 100 p,g of streptomycln/ml, 100 lU of 
20 penlcillin/ml, and 10"^ M 2-mercaptoethanoL 

Cytotoxic T'Cell assays 

Secondary effector cells were generated either from inguinal and popliteal lymph 
nodes of mice that had been immunized s.c. 7 days previously with lipopeptide 
immunogens or from spleen cells of mice primed at least 28 days previously with 
the lipopeptide immunogens. Briefly, 4X10^ lymph node cells or spleen cells, 
depleted of erythrocytes by treatment with Tris-buffered ammonium chloride (0.15 
M NH4CI in 17 mM Tris-HCI at pH 7.2), were cultured with 10^ irradiated (2,200 
rads, ^^Co source) virus-Infected or llpopeptlde-pulsed syngeneic spleen cells in 
25-cm^ tissue culture flasks (Falcon) containing 15 ml of T-cell culture medium. 
The vims-Infected spleen cells had been preincubated at 37**C for 30 mln with 
3,000 hemagglutinating units of either infectious Mem 71 or PR8 vims in 1 ml of 
serum-free BPM1 and washed once prior to addition to the flask. The lipopeptide- 



25 



30 
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pulsed spleen cells had been preincubated at ST^C for 60 min with 100 pg of the 
CTL lipopeptlde/ml and also washed once prior to addition to the flasic After 5 
days of culture at 37°C In a humidified atmosphere containing 5% CO2, the cells 
were' washed three, times and. used in ®"'Cr-re1eaig6 assays. The *^Cr-release 
5 assays were perfonned In triplicate as described previously (Hariing-McNabb et 
at. Int. Immunol, ff. 1431-1439, 1999) by using P815 mastocytoma cells 
DBA/2) as targets. 

In Vivo Cytotoxic T-cell assays 

The ability of various peptide-based immunogens to induce epitope-specific CTL 
was determined in vivo. Groups of three mice were inoculated Intranasally with 
various lipopeptides in 50^1 PBS and challenged with Mem71 on day 28. In order 
to analyze CTL determinant specific cytotoxicity in vivo, syngeneic spleen cells 
were pulsed with the CTL determinant and labelled with high intensity CFSE 
(2.5^M). Antigen-specific lysis was controlled by co-injecting syngeneic spleen 
cells labelled with low intensity CFSE (0.25^M). A mixture of 15 x 10® cells of 
each target cell population was Injected Intraveniously on day 4 post-infection. 
The mice were killed 16 hr later and spleens were analysed for the presence of 
CFSE-hIgh and CFSE-low cell populations by flow cytometry. A total of 1 x 10® 
lymphocytes were analysed for each sample. Individual mice are represented by 
the closed squares and the bars represent the geometric mean titre. 

EUSPOT assay for IFN-y-secreting cells 

CTL-specific IFN-y-secreting cells were enumerated by an ELISPOT assay 
modified from that of Murali-Krishna et al, Immunity 8, 177-187, 1998. Flat-bottom 
polyvinyl chloride microtlter plates (96-well: Dynatech) were coated overnight with 
50 Ml of rat anti-(m6use IFIM-y) antibody (clone R4-14a2) at 5 jjg/ml In PBS. 
Unoccupied sites on the wells were then blocked by Incubation for 1 h with 10 mg 
of bovine senjm albumin/ml In PBS, and the plates were washed three times vy^ 
PBS containing 0.05% Tween 20 (PBST). Twofold dilutions of spleen or lymph 
node cells in T-cell medium were then added to the wells, together with 5X10® 
irradiated (2,200 rads, ®°Co source) syngeneic spleen cells from unlmmunized 
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mice and 10 U of recombinant human interieukin-2 (Phanningen, San Diego, 
Calif. )/weIL Cells were incubated at ST'C jn 5% COafor 18 h*ln the presence or 
absence of the CTL peptide at a concentration of 1 M9 of peptide/ml. Cells w^re 
then lysed and removed by rinsing the plates. Initially with distilled water and then 

5 PBST. Then, 50 \i\ of a 1/500 dilution of biotinylated antl-(mouse IFN-y) antibody 
(clone XMG 1.2; Pharmingen) was added, and the plates were incubated at room 
temperature for 2 h. Plates were again washed, and 50 [sl of streptavidln-alkaline 
phosphatase (Pharmingen; 1/400 dilution In 5 mg of bovine serum albumin/ml of 
PBST) was added to each well; the mixtures were then incubated for a further 2 h. 

10 The plates were washed, and 100 m' of ELISPOT substrate (Sedgwick et al, J. 
Immunol. Methods 57, 301-309, 1983) containing 1 mg of BCIP (5-bromo-4- 
chloro-3-indolyphosphate) per ml of 2-amino-2-methyl-1-propynol buffer (Sigma) 
was added to each well. When blue-green spots had developed, the plates were 
washed with water and dried, and the spots were counted with the aid of an 

15 Inverted microscope. 



D1 Dendritic ceil cultures 

Dendritic cells (DC) were cultured in medium based on complete IDDM. This 
consisted of Iscove's IVIodifled Dulbecco's Medium (IMDM) containing 25 mM 

20 HEPES and without alpha-thioglycerol or L-glutamlne (JRH Bioscience, Lenexa, 
USA), supplemented with 10% (v/v) heat inactivated (56^C, 30 min) foetal calf 
serum (CSiL Ltd., Parkvllle, Victoria, Australia), gentamicin (24 MQ/niL), glutamine 
(2 mM), sodium pyruvate (2 mM), penicillin (100 lU/mL), streptomycin (180 pg/nnL) 
and 2-mercaptoethanol (0.1 mM). For DC generation complete IMDM was further 

25 supplemented with 30% supernatant from cultured NIH/3T3 cells and 5% C3M- 
CSF In the form of a supematant from Ag8653 cells fransfected with the GM-CSF 
gene (DC medium). 

The culture method for immature dendritic cells was adapted from Winzler et aL, 
30 J. Exp Med. 185, 317 (1997). Spleen cells from a BALB/c mouse were seeded at 

1.5 X 10" cells per 55 mm dish (Techno-Plas, S.A., Australia) in 3 ml DC medium 
and incubated at 37''C with 5% CO2. All the equipment used for culturing was 
pyrogen free. The medium was changed every 4 days and all cells retumed to the 
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dish. On day 12, both suspended and weakly adherent cells were collected by 
forcefully pipetting and then aspirating the medium. The procedure was repeated 
with 2 ml of PBS, The remaining strongly adherent cells were discarded. . The 
Collected cells , were pelleted by centrifugation and reseeded into a hew dish. 
5 Cells were subsequently maintained on a 4 day altemating cycle of rnedia change 
and passage. After 1 month of continuous culturing, the floating and semi- 
adherent cells took on the appearance and staining characteristics of immature 
DC and are referred to as D1 cells. Under these passage conditions the majority 
of cultured D1 cells maintain an Immature phenotype characterized by an 
10 intermediate expression level of cell surface MHG class II molecules. 

Flow cytometric analysis ofD1 cells 

D1 cells (1 X 10^ cells per sample) were seeded in a new Petri dish with 1 mL of 
DC media and Incubated with 0.0045 nmole of lipopeptlde, dissolved in complete 

15 IMDM medium. LIpopolysaccharlde (LPS) purified from E. coli serotype 0111:B4 
(Difco, Detroit, Michigan, USA. was Used at 5 |ig/mL as a positive control for DC 
maturation. After overnight incubation, the cells were harvested and washed once 
with PBS with 1% PCS. To prevent non-specific binding to FCyRII/lll, the cells 
were pre-incubated with 20 |liL of normal mouse serum for 5 mins at room 

20 temperature. The cells were then exposed to FITC-conjugated monoclonal 

antibody 14-4-4S (lgG2a , anti-l-E'^'^ ; Ozato ef a/., J. Immunol., 124, 533 (1980)) 
for 30 min on ice. Monoclonal antibody 36/1 (Brown et aL, Arch Vlrol114: 1, 
1990), which is specific for the antigen of influenza virus from which the T-helper 
epitope is derived, was used as an isotype control. All antibodies were used at 
25 2.5 \xg/mL. The samples were washed once with PBS containing 1% PCS and 
fixed with PBS containing 4% paraformaldehyde on ice for 15 minutes. Flow 
cytometry analysis was performed using a FACSort (Becton Dickinson, San Jose, 
USA) and the data were analysed using FlowJo software (Tree Star, Inc., San 
Carlos,CA, USA). 



30 
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Human Dendritic cell cultures 

Genemtioa of monocyte-derived dendritic cells 

Peripheral blood mdnohuclear cells (PMBCs) were prepared from buffy coat 
preparations obtained from blood donors (Red Cross Blood Bank, Melbpume, 

5 Australia) by Ficoll Paque (Amersham Pharmacia, Sweden) gradient separation. 
The cells were washed three times in PBS and incubated with optimal amounts of 
murine anti-CD14 hybridoma supematant (3C10, American Type Culture 
Collection) for 45 minutes on ice. After two washes, cells were further incubated 
with goat antl-murine IgG mlcrobeads (Miltenyi Biotech, Germany) according to 

10 the manufacturer's protocol. CD14* monocytes were then positively selected by 
affinity purification using a magnet-activated cell sorting (MACS) column. 
Immature DC were generated by culturing the monocytes in GM-CSF and IL-4 
(40ng/ml and 20ng/ml, respectively [Schering Plough, USA]) supplemented RPMI- 
1640 (Gibco, USA) containing 10% PCS (CSL, Australia), 2mmol/L glutamlne, 

15 2mmol/L sodium pyruvate, 100 U/ml penicillin, 100|jg/ml streptomycin, SOpg/ml 
gentamicin and O.1mmol/L 2-mercaptoethanoL Cells were cultured for 5 days 
before use with half volume changes of media every 2 days. 

Measurement of DC maturation 

20 The ability of peptide and llpopeptlde-based immunogens to up-regulate the 
expression of MHO class II, CD83 and CD86 on human monocyte-derived 
dendritic cells was determined by incubating 5x10^ cells per ml for 2 days in 
medium supplemented with GM-CSF and IL-4 and either LPS (Spg/mL), non- 
lipidated peptide [Th]-L/s-[CTL] (5|jg/niL) or lipopeptide ITh]-Lys(Pam2Cys-Ser- 

25 Ser)-[CTL] (5pg/mL) for 48 hours. Phenotypic analysis of surface markers was 
performed by staining with fluorochrome-conjugated monoclonal antibodies to 
HLA-DR (G46-6 [L243]), CD83 (HB15e), CD86 (Cat. No. 2331 [FUN-1]) and 
appropriate isotype matched antibodies (MOPC-21 and G1 55-1 78) from Becton 
Dickinson (USA), according to the manufacturer's protocols. Cells were then 

30 washed, fixed In 1% formaldehyde and analysed on a flow cytometer. The 
histograms are representative of large granular cells gated on the forward and 
side scatter dot plot. The shaded regions of the histograms and the associated 
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numerical values identify the percentage of cell populations expressing high levels 
of CD83, CD86 or HLA-DR. 



5 EXAMPLE 2 

Immunogenlcity of lipopeptides comprising CTL epitopes from Influenza virus 

LIpopeptldes having a CTL epitope from influenza virus and in particular the 
lipopeptides [Th]-Lys(Pam2Cys-Ser-Ser)-[CTL] and |ThHys(Pam3Cys-Ser-Ser)- 
[CTL], which comprise the amino acid sequence set forth in SEQ ID NO: 4 were 
10 tested for their ability to induce enhanced CTL-mediated viral clearance and to 
enhance dendritic cell maturation. As a negative control, a non-lipidated peptide 
having the amino acid sequence of SEQ ID NO: 4 was used in all experiments. 



Viral Clearance 

15 The lipopeptides elicited a higher level of viral clearance than non-lipldated 
peptides (Figures 3, 4a). Viral load in the lungs of mice primed with the 
lipopeptides and challenged with infectious Mem 71 virus 9 days later was 
reduced by 95% (ITh]-Lys(Pam3Cys-Ser-SerHCTL]; Figure 3) or 99% ([Th]- 
Lys(Pam2Cys-Ser-Ser)-[CTL]; Figure 3) compared to samples from mice 
20 immunized with PBS alone. In contrast, non-lipidated peptide achieved only a 
65% reduction in viral load ([Thl-Lys^[GTL]; Figure 3). Enhanced viral clearance 
was also observed in lipopeptide-inoculated animals that had been challenged 
with Mem 71 virus 28 days after the Initial inoculation. In contrast, the ability to 
clear virus is significantly weal<er at this time point in mice inoculated with the non- 
25 lipidated peptide. 

As shown in Figure 4b, there was also enhanced CD8'^ T cell activation in 
immunized mice receiving the lipopeptides referred to in the legend to Figure 2, 
compared to mice receiving only non-lipidated peptide or PBS as seen by the 
30 number of CD8+ T ells found in the BAL fluids. 
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bendridcCell mahiratlon 

The priming of naiye CD4+ T cells and CD8+ T cells In secondary lymphoid 
5 organs by dendritic cells is preceded by maturation of DC upon exposure to 
antigen epitope. This maturation is characterised by up-regu!ation of MHC 
products and co-sUmulatory molecules on the DC surface. We therefore 
detemilned whether the various peptides and lipojaeptides could differentially 
activate dendritic cells in an attempt to explain the different immunogenic 
10 properties of these vaccine candidates. 

The results of experiments in which a line of Immature DC, D1 cells, were 
exposed to peptides, stained for surface expression of MHC class II molecules 
then analysed by flow cytometry, demonstrated that there was enhanced 
15 maturation of dendritic ceils following their exposure to the peptides jTh]- 
Lys(Pam3Cys-Ser-Ser)-[CTL] or lTh]-Lys(Pam2Cys-Ser-Ser)-[CTL] compared to 
[Th]-Lys-ICTL] peptide or rnedium alone (Figure 4c). 

[Th]-Lys(Pam2Cys-Ser-Ser)-[CTL] was the most effective and the non-lipidated 
peptide |Th]-Lys-[CTL] was the least effective in causing maturation of DC, with 

20 [Th]-Lys(Pam3Cys-Ser-Ser)-[CTL] being neariy as effective as [Thl-Lys(Pam2Cys- 
Ser-Ser)-[CTL1 (Figure 4c). The ability of the lipidated peptide |Th]-Lys(Pam2Gys- 
Ser-Ser)-[CTL] to up-regulate class II expression was the same as for bacterial 
lipopolysaccharide (LPS). The non-lipldated peptide was unable to induce 
maturation of D1 cells greater than about 26%. a level that occurs spontaneously 

25 in culture. The relative abilities of these llpopeptldes to Induce maturation of D1 
cells directly reflected their ability to induce CTL-mediated viral clearing responses 
and CD8+ T cells In the BAL. 

Effects of different lipids on cytotoxicity and T ceil proliferation in vitro and in vivo 
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The effects of conjugating different lipids, Including PamiCys. Pam2Cys. 
PamaCys. palmitic add and cholesterol, to trie peptide Immunqgen.were also 
detenmined.' 

. «. 

As shown In Figure 5, viral load In the lungs of mice primed with PamaCys- 
5 containing lipopeptldes were lower than for mice primed with llpopeptldes 
comprising the other lipids tested, suggesting that PamaCys Is prefened for 
conferring protection against vims. All lipids however, offered some protection 
against vims. This effect was also reflected in the IFN-gamma CD8+ T cell count 
(Figure 6). Collectively, these data suggest that it is important to attach the lipid to 
10 the cysteine glycerol residue, as in the ITh]-/.ys(Pam2Cys-Ser-Ser)-[CTL] epitope 
stmcture, for maximum cytotoxic effect. 

In tetramer assays, the highest number of tetramer positive CD8+ T cells per lung 
were observed for llpopeptldes wherein the lipid moiety was added to the epsilon 
amino group of an intemal lysine residue (e.g., lipopeptides [ThKys(PamiCys- 

15 Ser-Ser)-[CTL], [Th]-Lys(Pam2Cys-Ser-Ser)-[CTL], [Th]-Lys(Pam3Cys-Ser-Ser)- 
[CTL], and [ThHys(Chol2Lys-Ser-Ser)-[CTL] in Figure 7) compared to non- 
lipldated peptide or llpopeptide having jipld added to the N-temlnus of the peptide 
(e.g., constmct Pal2LysLys[Th]-[CTL] In Figure 7). These data also confimn that 
the positioning of the lipid intemal to the peptide, by attachment to the epsilon 

20 amino group of an intemal lysine residue, enhances cytotoxic activity of the CTL 
epitope. 

To analyze CTL detemilnant specific cytotoxicity in vivo, mice were inoculated 
Intranasal^ with 9nmoles of various lipopeptides in PBS and challenged with 
Mem71 vims on day 28. CTL determinant-specific cytotoxicity in vivo was 

25 measured using syngeneic, spleen cells pulsed with the CTL detemninant and 
labelled with high Intensity CFSE. Non-pulsed spleen cells labelled with low 
Intensity CFSE were used as a control. A mixture of cells of each target cell 
population was injected Intravenlously on day 4 post-Infection. The mice were 
killed 16 hr later and spleens were analysed for the presence of CFSE-hIgh and 

30 CFSE-low cell populations by flow cytometry. A total of 1 x 1 0® lymphocytes were 
analysed for each sample. Data In Figure 8 is a graphical representation showing 
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cytotoxic T cell activity in naive mice. Figure 9 indicates that the lipopeptide \Th]- 
Lys(Pam2Cys-Ser-SerHCTL] comprising the CD4* T-helper epitope, set forth in 
. SEQ ID NO: 1 and the H-2^-restrlcted: CTL epitope set forth in SEQ ID NO: 2. 
lndUc»d^!iificant cytotoxicity OT vYVq. 'V . 

5 As shown in Figure 10, lipopeptides have higher activity than non-lipidated 
peptide, with the lipopeptides designated [Th]-Lys(PamiCys-Ser-Ser)-[CTL]. [Th]- 
' Lys(Pam2Cys-Ser-SerHCTL] and IThl-Lys(Pam3Cys-Ser-Ser)-[CTL] providing a 
marked enhancement of specific lysis in vivo compared to the non-lipidated 
peptide rrhHys-[CTL] and other lipopeptides tested. These data again confinn 

10 that positioning of the lipid internal to the peptide, by attachment to the epsilon 
gimino group of an internal lysine residue, enhances cytotoxic activity of the CTL 
epitope in vivo. 



15 EXAIVIPLE 3 

Immunogenicity of lipopeptides comprising a CTL epitope from L. monocytogenes 

A lipopeptide having a CTL epitope from L. monocytogenes and in particular the 
lipopeptide [P25]-Lys(Pam2Cys-Ser-Ser)-[LL091-99l comprising the amino acid 
sequence set forth in SEQ ID NO: 175 was tested for its ability to induce a CD8+ 
20 T cell response, and to protect against a challenge with L. monocytogenes. As a 
negative control, PBS or a non-lipidated peptide having the amino acid sequence 
of SEQ ID NO: 175 was used in ail experiments. Isolated bacteria were used as a 
positive control. 

25 IFN-r production by splenocytes 

The lipopeptide tested in this study induced a specific GD8+ T cell response 
against the immunizing CTL epitope, as evidenced by the enhanced number of 
IFN-Y producing splenocytes present in mice immunized with lipldated peptide 
relative to non-lipidated peptide. Mice immunized with 9nmoles lipidated peptide 

30 vaccine [P25]-Lys(Pam2Cys-Ser-Ser)-[LL091-99] comprising the amino acid 
sequence set forth in SEQ ID NO: 176 produced about 15-fold more IFN-y 
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produclng cells per million splenocytes than mice receiving non-lipidated peptide 
or a PBS control, Indicating an enhanced activation of IFN-y producing CD8+ T 
cells in the mice, receiving the tipidated peptide (Figure 11). 

5 Protection against ctiallenge with isolated bacteria 

Data in Figure 12 Indicate that the lipidated [P25]-Lys(Pam2Cys-Ser-Ser)-[LL091- 
99] peptide successfully provides protection against a subsequent challenge with 
whole bacteria. A significantly enhanced protection was also observed In mice 
Immunized with the lipidated [P25Hys(Pam2Cys-Ser-SerHLL091 -99] peptide 

10 relative to mice immunized with non-llpldated [P25]-Lys-[LL091-99] peptide or 
PBS (i.e. non-immunized mice). 



15 EXAMPLE 4 

Protection against challenge with tumour cells 

Protection against ctiallenge with Melanoma cells 

The ability of the lipopeptide vaccine containing the ovalbumin CTL epitope 
20 (SIINFEKL) to induce protection against melanoma cells expressing this CTL 
epitope (B16-OVA cells) was assessed. IFN-y production was determined in mice 
inoculated with lipopeptide comprising a CDV-F T-helper epitope (P25) and a CTL 
ejaitope (SIINFEKL) of ovalbumin linked via the epsilon amino group of an internal 
lysine residue positioned between said epitopes to PamaCys (i.e. the peptide 
25 IP25]-Lys(Pam2Cys-Ser-Ser)-[SIINFEKL] listed in Figure 2 and based upon SEQ 
ID NO: 174). C57BL/6 mice were vaccinated with 20 nmoles lipidated peptide 
IP25]-Lys(Pam2Cys-Ser-Ser)-[SIINFEKL], non-llpldated peptide [P26]-Lys^ 
[SIINFEKL] or with PBS subcutaneously in the base of the tail. Mice were then 
challenged subcutaneously on the back 14 days later with B16-OVA cells. 
30 Splenocytes were obtained from the inoculated animals and stimulated in vitro 
with the CTL epitope having the sequence SIINFEKL and the number of IFN-^ 
producing cells per 1,000,000 splenocytes was measured. Data show enhanced 
numbers of IFN^ producing cells for mice inoculated with lipopeptide (Table 1), 
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indicating an enhanced ability of the lipopeptldes to activate T cells relative to 
non-lipidated peptide. 

Importantly, .controT of tumour growth was ^ficited by immunisation with . 

5 lipopeptide compared to mice irnrriunlzed with the nbn-lipldated peptide [F*25]-Lys- 
[SIINFEKL] or PBS alone (Figure 13). No tumour growth was observed over a 15 
day period In mice Immunised with [P25]-Lys(Pam2Cys-Ser-Ser)-[SIINFEKL]. 
Conversely, tumours of greater than 75mm^ In diameter were observed In mice 
Immunised with [P25Ky5-[SIINFEKL] or PBS alone. Together, these data 

10 conflmn the protective ability of the lipopeptide compared to non-lipidated peptide 
in protection against tumours. 



15 TABLE 1 



Numbers of IFN-y secreting splenocytes in representative melanoma samples 
receiving [P25]-Lys(Pam2Cys-Ser-Ser)-[SIINFEKL] lipopeptide compared to non- 
llpidated IP25Kys-[SiiNFEKL] peptide or PBS 





PEPTIDE/UPOPEPTIDE IMMUNOGEN 


No. IFN^ 
secreting 
splenocytes per 
10^ splenocytes 


[P25]-Lys(Pam2Cys-Ser-Ser)- 
[SilNFEKL 


[P25]-Lys- 
[SIINFEKL] 


PBS 


284 


18 


5 


205 


14 


0 


192 


10 


0 


Average 


227 


14 


3 


Std. deviation 


49 


4 


24 



Protection against cliallenge witli Lewis Lung tumour cells 

The ability of the lipopeptide to provide protection against Lewis Lung tumor 
development in animals in vivo was also tested. Mice were injected with 3x10"^ 
25 Lewis Lung tumour cells transfected with ovalbumin and therefore expressing the 
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CTL epitope SIINFEKL (Nelson et ai., J Immunol. 166: 5557-5566. 2001). Four 
days after receiving tumour cells, animals were inoculated subcutaneously in the 
bas>e of the .tail :\with 20nmoles lipidated V>eptide [P25Hys(Pam2Cys-Ser-Ser)- 
[SIINFEKL], or altemajtively. -npn-lipldated peptide tP25Rys-[SUNFEKU] or PBS. 

5 A second and similar dose of immuhogen was administered eleven days after 
receiving the tumour ceils. Data in Figure 14 indicate that the percentage of 
animals with fewer lesions developing was significantly higher for animals 
receiving the lipopeptide compared to animals receiving the non-lipidated peptide 
or PBS. As shown in Figure. 15, animals receiving the lipopeptide immunogen 

10 also survived for longer than those receiving the non-lipidated peptide or PBS. 
These data further confirm the protective ability of the lipopeptide compared to 
non-lipidated peptide for protection against tumours. 



15 EXAMPLE 5 

Enhanced expression of MHC class II, CD83 and CD86 on human dendritic cells 

following administration of a lipopeptide comprising a CDV-F T-heiper epitope and 

. a CTL epitope from hepatitis C virus 

The lipopeptide [P25]-Ly5(Pam2Cys-Ser-Ser)-[HCV] described in the legend to 
20 Figure 2 was tested for its ability to up-regulate the expression of MHC class II, 
CD83 and CD86 on human dendritic ceils. Human monocyte-derived dendritic 
cells were incubated with media alone, LPS (5|jg/mL), non-lipidated peptide 
[P25]-Lys-[HCV] (5pg/mL) or lipopeptide [P25]-Lys(Pam2Cys-Ser-Ser)-[HCV] 
(5Mg/mL) for 48 hours before staining with FITC-conjugated antibodies for HLA- 
25 DR, CD83 and CD86 before analysis by flow cytometry. Data shown in Figure 16 
demonstrate a higher perbentage of dendritic cell popula^ons that express HLA- 
DR, CD83 and CD86 antigens on their cell surface are present following treatment 
with lipidated peptide than following treatment.with non-lipidated peptide or PBS 
alone. The ability of the lipopeptide to Induce maturation of human dendritic cells 
30 directly reflected the Immunogenic ability of the lipopeptide compared to the non- 
lipidated peptide, providing a possible mechanism for Immunogeniclty. 
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EXAMPLE 6 * . - 

Discussion 

5 

In this study we describe the assembly of a variety of lipopeptide immunogens 
composed of a CD4* T cell epitope, a CDS* CTL epitope and PamaCys or 
PamaCys linked thereto via the epsilon amino group of an internal lysine residue. 

10 The precise nature of the lipid moiety in generating an immune response was not 
shown to be critical, because a range of lipids, including cholesterol, palmitic acid, 
PamiCys, Pam2Cys, and PamaCys were shown to successfully elicit T cell 
proliferation and cytotoxicity. However, significant differences were observed in 
terms of protection and IFN-gamma production, at least in the case of lipopeptides 

15 directed against influenza virus, suggesting that lipid structure may be an 
important consideration in vivo. In particular, at least for vaccines incorporating 
the influenza virus CTL epitope, Pam2Cys linked to the epsilon amino group of an 
internal lysione residue in the peptide weremost effective in confem'ng protection, 
suggesting that a linkage to the cysteine glycerol is preferred. 

20 The lipopeptides of the invention are effective in enhancing the CD8+ T cell 
responses of immunized animals against bacterial and viral pathogens and also 
against tumour cells. Given the success of the self-adjuvanting peptides 
exemplified herein to protect against viral and bacterial pathogens as well as 
tumour cells, it Is reasonable to expect that this technology is generally applicable 

25 to a v^de range of vaccination protocols. 

Insertion of serine residues between the lipid moiety and the peptide sequence 
does not adversely affect the potency of the resulting PamaCys-containing 
immunogens. 

30 

The lipopeptides can trigger an immune response in the absence of additional 
adjuvant and can be delivered by both parenteral and non-parenteral routes, 
particularly intranasally. 
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Taken together, the data provided herein demonstrate that placement of a wide 
range of lipids, including but not limited to PamaCys and PamdCys, between the 
CTL epitope and the T helper epitope, at the approximate centre of a totally 
5 synthetic peptide vaccine increases the irnmunogeniclty of the vaccine. 



